Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



+ 



n 



+ 



'*^^ 



^ 



n 



-^ 



+ 



+ 



M 



\ 






M 




-♦- 



''««A»V*'' 



M 



-I- 



4- 



n 







H 



M 



+ 



^ 



lAI 



+ 



M 



^^ 






H 



+ 



M 



HANDBOOK OF 
MACHINE SHOP MANAGEMENT 



» • " 



Copyright, 1915, by the 
McGraw-Hill Book Company, Inc. 



THB«]iAPLB.PRBBB*TOBK*PA 



PREFACE 

This book has been written with a definite purpose and from a 
carefully selected viewpoint. 

The purpose was to make available to all machine-shop execu- 
tives, and men in training for machine shop executive positions, 
a useful book on the study and solution of problems in management. 

Two tests have been applied to all the material that has entered 
the book. In question form the first was: " Does this relate to an 
element or mechanism of machine shop management that is actually 
in \ise?" A negative reply was sufficient inunediatdy to reject 
the materiaL If the answer was affirmative, the second question 
was asked: " Can the element or mechanism described be used in 
all probability, in other machine shops?" If the reply was again 
in the affirmative, the material was used, if not it was thrown aside. 

The viewpoint selected in preparing this book is a bold departure 
from that which has governed previous works on shop management. 
This can be best shown by drawing a parallel between machine 
design and shop-system design. 

In the field of machine design, we have many excellent handbooks 
which give fundamental data on the design of machine elements as 
shafts, bearings, gears, pulleys, clutches, and the like; but we have 
no book, aside from college text books, which purpose to tell the 
madiine designer how to design a machine. That is, the machine 
designer uses no book that sketches a method, which begins per- 
haps with the base, builds up the housings for the bearings, fits in 
the shafts, the driving pulleys, the gearing, and other operating 
parts to produce a machine. The reason for this is obvious; the 
design of no two machines can be attacked in identical fashion, 
but fundamental data on design apply to all. This is the informa- 
tion that the designer needs and seeks. 

Many books have been written on industrial and shop manage- 
ment, but they have taken the viewpoint that the reader wished 
to be told how to design a system. The giving of fundamental 
data on the elements and mechanisms that entered that system has 
been a secondary consideration. This viewpoint while perhaps 
proper in the past is wrong today. 

Thus this book does not outline any system of management. 
It does not tell how to design any shop system; for it recognizes 
that shop conditions differ tremendously. The methods of attack 
and solution are as different in the designing of shop systems as in 
the designing of machines. 

Tins book is then a "Handbook of Machine Shop Management." 
In it has been gathered together all of the available information 
on machine shop management which would stand the tests of the 
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two questions stated above. This information is presented in a 
dear, concise, handbook stvle, with the belief that the machine 
shop executive can select the elements and mechanisms that he 
needs and work out his own methods of fitting them together into a 
systematic whole. 

One of the features of this book is its treatment of standardized 
equipment which is as important as a standardized product. Very 
little on this subject has been available in pubUshea form and it is. 
believed that those standards which appear in the Handbook will 
be of particiilar service. 

In determining the value of a proposed improvement, be it in 
methods, men or machines, the factory executive will find a definite 
criterion in the three r^^ulative principles of management as 
developed by Messrs. Alford and Church. If the step contemplated 
will add to the systematic use of experience; the economic control 
of effort; or the pramotioa of penooal effectitveness, it may be ac- 
cepted as of worth. The extent of its value must be measured 
by the degree to which it will enlarge their effectiveness. 

Many sources of information have been made available and used, 
and are mentioned in the text. The columns of the Ametican 
Machinist have been the greatest single source of helpfulness as 
will be noticed by frequent references throughout the book. 

John H. Van Deventek. 
New Yoke, 
January^ 1915* 
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ORGANIZATION 

1. Orgaidzatioii. Organization is the mechanical structure 
through which the functions of management are applied. The form 
of organization itself has nothing to do with the individuals form- 
ing pdlrt of it, but it defines the responsibilities and authorities of 
these individuals and also their relation to others. Several dis- 
tinct t3rpes of organization are in use and many special combina- 
tions are found. Regardless of the form employed, those con- 
nected with the management of every factory large or small should 




Pig. I. — Diagram of military or line organization. 

have a definite idea of the nature of the organization under which 
they work. A graphical representation of this insures its being 
understood by everyone, and is illustrated in the description of the 
special organization types. 

2. Militery type, or Ime organization. This is the most common 
type, illustrated by diagram in Fig. i. The connecting lines show 
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the course of authority and infonnation. The advatUages of this 
type of organization are the very definUe authority which is placed 
on the different units, which in turn definitely places responsibility 
and leads ,to good discipline. The disadvantages are in the necessary 
repetition of orders^ and the slow and restricted transmission of in- 
formation. The efficiency of this t3rpe of organization depends 
largely on the personal make-up of its members. Where they are 
well mformed on the work which they handle, provided with 
sufficient assistants, and are good leaders, there is no stronger type 
of organization than this. 




Fig. 2. — Diagram of functional or staff organization. 

8. Functional or staff organization is illustrated in Fig. 2. It dif- 
fers widely from the military type in that the workman receives 
orders and instructions on different points from a number of superiors 
who are equal in authority. Each of these is supposed to be a 
specialist in his line and to be therefore best posted to instruct the 
operator in the particular part of the work coming under his super- 
vision. The advantages of this type of organization are the quick 
transmission of information and orders, the diverse information 
available, the more even adjustment of the foreman's load; its dis- 
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advantages are chiefly due to a lack of discipline and the tendency 
of authority to overlap. 

4. A peculiar hybrid type of organization in successfal use. 
An original and effective form of organization exists in a large 
New England clock factory. The general type follows the miH- 
tary plan. The peculiar feature rests in the privilege allowed to 
any member of the working force to originate orders. No restric- 
tion is put upon their nature, or the amount involved, but the 
right of veto is exercised by the immediate superior, and all orders 
are passed upon before execution. The result of this procedure has 
been effective in bringing to the attention of the management those 
whose initiative and ability (qualify them for advancement, and 
the majority of responsible positions in the plant are filled by those 
who were discovered in this manner. The most suitable term for 
an organization type of this kind would probably be the word 
"communistic," but aside from its peculiar nature it has worked 
to advantage in the factory using it, which is above the average in 
size, employing three to four thousand people. 

6. Psychology of standardization. The value of standardization 
of methods is based upon the reluctance of the mind to grasp new 
conceptions. Thinking is most easily done when the thoughts are 
related to each other, or are suggested by experience. The value 
of standardization lies in the fact that the original thinking is done 
but once in choosing the best way to be adopted as a standard, 
this is then recorded in reference form, and when the occasion arises 
for the repetition of the standardized act it becomes merely a matter 
of reference and does not have to be thought out. Standardiza- 
tion therefore is not pnly valuable as showing the best way to do 
certain things, but it saves mental labor for those in charge of the 
work, giving them time and energy to apply on something else. 

SYSTEMS 

6. Temporary mtems. Temporary systems are often installed 
for short periods for purposes of securing special information or of 
effecdng the special control of some elements of activity. As an 
example, the time spent by employees in waiting for service from 
a certain crane, or in delays caused by repairs to the belts of their 
machines, might not warrant the use of a continuous system, but 
would pay for short investigations by means of temporary systems 
of time keeping to determine if another crane would be a good in- 
vestment, or if it would pay to work the belt repair gang after hours 
to do away with the delay. 

As an example of the use of a temporarv control system, suppose 
that a temporary information system should have disclosed the 
fact that too long a time was elapsing after the whistle blew in the 
morning before the machines in a certain department were cutting 
at full rate. This is something that could not be found out through 
the regular time system which as a rule takes no account of the 
hourly rate of production but gives the average only. In an elec- 
trically driven department, it could easily be found by attaching 
a volt and ammeter to the driving motor circuit and taking readings 
without the knowledge of the department concerned. Or it could 
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aJso be done by installing a temporary first-hour production time- 
keeping system which would determine the ratio of the amount 
of work during that hour to the average for the day. The correc- 
tion would be made by the use of a temporary penalizing system 
which would be kept in force until the objective point becomes im- 
pressed as a habit, or standardized. If kept in use after this it 
simply becomes a portion of red-tape. Often, the moral effect of 
the short continuance of the first-hour production time-keeping 
system would be sufficient in itself to correct the error. 

7. Systems. A system is nothing more than a standardized 
method, or combination of methods. Its value lies in the stand- 
ardized methods which it defines, and not in the printed forms used 
in connection with it. What is called a "general system" is a 
collection of little systems each employed for a definite purpose. 
The following partial analysis of a '^ general system" illustrates 
this point. 



General 
System. 



Purchase 



Production Order 
and Sub-order 



Order 

Systems. ^ tracing and 
Routing 

Drafting Room 



Pay Roll. 



Time 
Systems. ' 



Trans- 
portation 
and Stor- ' 
age Sys- 
tems. 



Compensation. 



Cost. 



Time Keeping. 



Tool Supply. 



Stock Room. 



Store Room. 



Shipping. 



Methods of reciuisitiontng. 
Methods of filing orders. 
Methods of hurrying delivery. 

Methods of issuing. 
Methods of executing. 
Methods of filing. 

Methods of planning work. 
Methods of recording movements. 
Methods of tracing work. 

Conventional methods. 
Methods of filing. 
Method of issuing. 

Method of fi^ring. 
Method of distributing. 
Method of paying. 

Rate setting methods. 
Piece or premium systems. 
Employment and discharge 
methods. 

Expense computing methods. 
Material pricing methods. 
Labor apportionment methods. 

Registration methods. 
Men numbering methods. 
Piling methods. 

Tool check methods. 
Tool delivery methods. 
Tool collection methods. 

Material orders. 
Bin methods. 
Methods of issue. 

Stores order methods. 
Methods of issue. 
Inventory of stores. 

Methods of recording. 
Methods of tracing. 
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8. When to change methods and systems. There should be 
distinct advantage m a new method or system before discardin, 
an old one in its favor. Methods^ like machines^ have a first cosi 
and must pay for themselves within a certain period to be goo( 
investments. And where in the case of a tool it is a question c 
training one man or at most a few men to its use, with methods o 
systems, the installation of new ones requires the training c 
many. Energy savings, however, are of more importance i 
systems than with tools, and where a tool which would save 




Pig. 3. — Organization chart. 

per cent, of the energy of an operator would not necessarily appes 
to the manufacturer as a good investment, a new method or systei 
which would result in a 5 per cent, saving of the energy of a numbc 
of executives' and department heads would be a fine thing, even : 
it did not make any material difference in the cost of the product. 
9. System in the small shop. The small shop can l^nefit b 
the use of proper methods as well as the large one. It need 

i 
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proper means of looking after and issuing small tools for example, 
even if the foreman is the tool tender, which often happens. There 
is no reason, also, why the work of the small shop should not be 
planned, nor is there any reason why time study of the things that 
are done should not be of benefit and profit. In fact, all the 
elements of big shop management can be applied to the small 
shop, although there must be more combining of functions in one 
man and less specializing. And it is quite necessary to get these 
things started before the shop begins to grow and get beyond con- 
trol. It is much easier to do this than to have to change methods 
radically in a large plant with its greater variety of items to contend 
with. The process of standardizing^ for example^ is comparatively 
easy when there are hut few things to standardize. Time study, 




Pig. 4. — An organization for a small shop. As it grows, the unshaded 

circles are filled. 

standardization methods, compensation schemes, tool crib and 
check systems, stores systems and costs as applied to the small 
shop will each be treated under a separate heading. In con- 
sidering their value, the small shop manager must remember that 
his business is going to grow, and that at some stage of its growth 
he will be forced to adopt systematic methods and standards 
through self-preservation. And he will find in most all cases that 
the present introduction of such methods instead of proving a 
burden will lighten his load and that of any assistants that he 
may have. fSee Fig. 3.) 
'^O. One ot the uses of an organization chart is to define 
rity and the functions of mose connected with it The 
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chart shown here, reproduced from the American Machinist, and 
representing the organfzation of the Root and Van Oervoort Co., 
shows how definitely the scope of activity of the different units 
is outlined. (See Fig. 4.) 

COMMITTEE PLANS 

11. The committee plan in management The old idea of 
good management consisting of rapid-fire decisions is being re- 
placed to advantage by committee and conference work. This 
is particularly true in large organizations, some of which have 
committees and sub-committees organized to cover almost all 
branches of activity. Conferences are held at frequent intervals 
in order that points which arise may be thoroughly discussed. 
The importance of correct judgment even in small decisions, and 
the many varying points of view from which any matter may be 
considered, render it advisable tp take up anything outside of the 
regular routine in committee conference where possible. 

Committee or conference work is not restricted to the principal 
executives of the plant, but is carried down through the ranks as 
far as possible. For instance, no more effective way could be 
devised to interest the workmen in the cause of safety than the 
formation of safety committees comprised of one executive and a 
number of workmen. 

12. To make committee and conference work a success, {t is 
necessary to hold meetings at regular periods. As an example of a 
conference schedule, the following may be copied to good advan- 
tage. It is taken from the Root and Van Dervoort Co.'s practice. 

Root and Van Derroort Conference program. A monthly conference is held 
between the superintendents and the sales manager at the end of each month, 
in which a schedule of production b laid out for the third month in advance. 
The schedvdes for the two intervening months are gone over and such slight 
changes as are desirable, but which do not interfere with the manufacturing, 
are made. 

Weekly conferences are held between the production superintendent, the 
order foreman and the follow-up clerk, for the consideration of production 
progress, going over the work for the past week and crystallizing plans for 
the following weeks. 

A conference is held each week between the foreman of the shipping 
department, the follow-up clerk and the sales department, in which a schedule 
<A shipments for the ensuing 2 weeks is made, the schedule for the second 
week oeing laid out in a general manner, and crystallized definitely at the 
following conference. 

A conference is held each week between the follow-up clerk, the superin- 
tendent of the foundry and the order foreman, in which foundry deliveries 
are arranged to suit the machining requirements. 

A weeluy conference is held between the follow-up clerk, the mechanical 
foreman and the purchasing department, in which all incoming supplies and 
tools are checked over, deliveries being ascertained on those needed, and 
hurried when necessary. Immediately after this a similar conference is 
held with the order foreman, in which all incoming material going into pro- 
duction is gone over, he calling attention to speciGc requirements, deliveries 
tjang ascertained and, where necessary, expedited. 

A weekly conference is held between the superintendents, general foremen, 
gang bosses, and heads of the administrative departments to freely discuss 
shop conditions of all kinds and methods for improvement. 

Daily conferences are held between the follow-up clerk, the foreman of the 
shipping department, the order foreman and the stock-storage foreman, in 
which the daily progress of production is gone over and deliveries on shortages 
on shipments and repairs expedited, instiring the utmost dispatch. 
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FUNCTIONS OF DRAFTING DSPilRTMENT 

17. Management applied to designing and drafting. The three 
regulative principles mentioned in the introduction as being funda- 
mental to management in all its branches, apply to the designing 
and drafting department very forcibly, and there is possibly a more 
virgin field here than anywhere else. Drafting and design come 
first, provide the base for the structure which is to be built, and 
are deserving of the best management which can be appUea, yet 
they are often quite neglected in this respect, being considered 
undesirable but necessary. 

18. The systematic use of experience, is ably represented in de- 
sign, when we make use of past results, not only our own, but those 
of others, in creating new forms from old units. Aside from this, 
it bears on many other activities in these departments, among 
which may be listed: ihe standardizalion of product; the standard- 
Italian of tools; the standardization of drawings, (As to size, form 
and construction.) The standardization of methods of handling, 
^ng, indexing and issiung. The standardizalion of information, 
(Data books, hsts, records, and the like.) 

19. The economic control of effort is indicated in these depart- 
ments in the general form of organization which is adapted to the 
nature of the work. It underlies the control of the following ele- 
ments: The division of labor between designers, detailers, con- 
structors, tracers, and the rest. The elimination of unnecessary 
work, through application of the standardized methods mentioned 
above, and through proper instructions. The elimination of errors, 
through efficient checking. The maintenance of routine, through 
the application of standardized methods. Compensation, which, 
to be on an economic basis, must be accompanied by correct 
judgment of capabilities. 

80. The promotion of personal effectiveness presents perhaps 
more possibilities when applied to these departments than many 
others. It is something that cannot be measured bv a system, 
nor furthered by hard and fast methods, but depends largely upon 
the qualities of leadership. In designers and draftsmen we have 
material of a high order, capable of great personal effectiveness; 
their work is largely creative, and the quality of thought put into 
it sets the standard all through the plant. Hence the necessity 
of chiefs in these departments who have not only the qualities of 
leadership, but are capable of developing individual effectiveness 
to a high degree. With such leaders, the work of the designing j 
department becomes almost an inspiration. Without the develop- 
ment of personal effectiveness, even when experience and the 
control of effort are evident, the work becomes merely routine. 

21. Requisites of an efficient drafting room system are : Easy 
filing and indexing of tracings and sketches. Use of standard 
forms and sizes of drawings. Use of standards in design. Planning i 
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work in the department. Complete lists and indices locating, with 
least references, drawings, patterns, tools, and the like, facilitating 
information for shop orders, stock orders, purchases, assembling. 

22. Outline of designing and drafting department functions. 

New designs. 

Alterations, corrections and improvements. 
Design tools, jigs and fixtures. 
Establish standards for product parts. 
Establish standards for tools and jig parts. 
Compile data sheets, 

of standard parts. 

of standard tools. 

of available supplies, fittings, and so on. 

of machine tools, and their parts. 

' Design. 
Detail. 
Construct. 
Trace. 
Check. 
Print. 



Design: 



Supplementary: 



And sometimes: 

Estimate on new work. 
Supervise processing and routing. 
Inspect finished machines. 



Routine: 



Indexing. 

Piling. 

Recording. 

Compiling. 

Issuing. 

Making. 

Ordering 



Drawings, sketches, data sheets, and so on. 

Drawings, sketches, data sheets, and so on. 

Changes, pattern numbers, symbols, ma- 
chine numbers, location of blueprints. 

Lists and bills of material. 

Blueprints. 

Books of assemblies, unit assemblies, and 
so on. 

Special purchased parts and constructions. 



SYSTEMS OF NUMBERING PRODUCT PARTS 



28. Numbers -and symbols and their relation to 
A numbering or symbolizing scheme must have its origin in the 
drafting department. The following are some of the numbering 
schemes in common use: 

24. The mnemonic sjrstem, in which the designation is made 
in such manner as to convey to the mind a quick impression of 
the common name. For example, a 36-inch boring machine 
could be given the type symbol — 36BM. The various parts 
would then be 36BM-1, 36BM-2, and so on. Unless drawings are 
filed as described in 42, under the portfolio system, the use of 
these symbols necessitates a cross-index to the drawing location 
number. The advantage is that the symbols are easier to learn. 
This does not apply necessarily to the parts, however, unless the 
product is of one type of machine. Pattern numbers usually 
correspond to the symbols. 

26. The decimal system, in which a whole number repre- 
sents the machine, and decimals are used to represent the parts. 
For example, the boring machine mentioned above might be termed 
100. The various parts would be 100.01, 100.02 and so on. II 
more than 100 parts are in one machine, loo.ioi, 100.102 may 
be used. The cross-index is necessary in this case unless draw- 
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ings are filed in groups under the machine number. The advan- 
tage is that a part can be distinguished from the complete machine 
by the nature of the symbol. This does not seem to be a* com- 
pelling advantage however. 

86. The stratjght numerical, in which numbers are assigned 
in succession to parts drawn, regardless of whether the draw- 
ing shows a complete assembly or a part. Drawing numbers are 
applied to correspond, the drawer number being omitted. Pat- 
tern numbers usually correspond. This system is a simple one, 
necessitating the least amount of cross-indexing. It is almost 
impossible, however, to acquire a familiarity with many parts 
by number. This may not be a great disadvantage since the 
numbers are readily obtained from lists and drawings. 
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Pig. 5. — Arrangement of tracing cabinet allowing for unlimited extension. 

27. Drawer number and sheet, in which the part is designated 
by a drawer number and sheet by which the tracing is located. 
This necessitates the restriction to one detail on each sheet, which 
is commonly accepted as the best practice. 

Drawings are numbered 6-36. and so on, the first figure repre- 
senting the drawer number in wnich the tracing is filed, the second 
the location of the sheet in the drawer. 

No e£Fort is made to keep drawings of similar machines or 
similar parts together, the size of the tracing and the capacity 
condition of the drawers determining the location. (See Fig. 5.) 

Where parts are numbered to correspond with the sheet and 
drawing number, and patterns likewise, a simple indexing system 
will suffice. The disadvantage is that parts are not likely to be- 
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come known by sheet numbers in the shop. This objection does 
not have great weight in shops manufacturing large varieties in 
one department. For this class of work, it is a good scheme. 

28. Class symbols by unit assemblies. Where the prod- 
uct is exceptionally well standardized, the class S3rmbol system 
may be used. A given complete machine has its class symbol. 
For example, the complete assembly of a certain chassis may be 
termed A. Motors of a given tjrpe, M, Transmissions, T, Rear 
axle, RA, Front axle, FA \ and so on. Thus, A-FA would be the 
front axle assembly of a given size and tjrpe of car, and BM. the 
motor of another tjrpe of car. Under the class symbols come nu- 
merical designations of the parts, which are fewer than with other 
less completely classified schemes. Thus, A-T^ might represent 
one of the shifting gears in the transmission of a class A car. 

The advantages of this system are that each type of part be- 
ing restricted to one department, or a few at most, the shop men 
have no difficulty in becoming familiar with the symbols, and the 
double system of names common in most shops is done away with. 
In addition it affords first-rate classifications for filing records, costs, 
making comparisons of similar parts, issuing stock orders, and 
the like. The objection to double drawing symbols does not 
weigh as heavily, as a few standard designs constitute the entire 
product. A shop with a large variety of types of output would be 
at sea, however, if such a system were used. 

STANDARDIZATION OF DRAWINGS 

29. The standardizatiQii of drawings is best effected through 
specific instructions issued to draftsmen, outlining siandardiud 
practice, A sample set of instructions is as follows: 

DRAFTING INSTRUCTIONS. STANDARD MFG. CO. 

X. The third-angle projection is to be used exclusively. 
2. Sizes of drawings to be as follows: 
Inches Class of work 

8Vi X XI Lists and sketches. 

X2 X i8 Small details. 

1 8 X 2A General details and small assemblies. 

24 X 30 Assemblies, foundation plans, large details. 

48 X 36 Large assembli^ (folded to 34 X 36). 



WtCKNOS OF LINES. 
OUTLINES -<- 



tROKENLINES 

DIMENSION LINES 

CENTER LINES 
dOlfDEI^LINES 



OUTLINES WILL VARY IN PROPORTION TO THE SIZE 0F0RAWIN6, IN W CASE 
HOWEVER ffOST THEY BE LESS THAN THAT GIVEN. OTHER LINES REIiAIN 
STANOARO FOR ALL SIZES. 



Pig. 6. 

The size of sheet is to be chosen so that dimensions will be distinct and not 
crowded together. 

3. A margin of \^ inch is to be drawn on each sheet, inside the dimensions 
given. 

4> Standard scales only must be used. These to be 94. iM, 3. and 6 
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COPPER ALimrB WHITE ALLOVS ALUMIWM fc ALUTfS 



be those which will be used In the shop. Unnccesiuy dim 

meiuioas must be placed within spaces less than H inch wide I 

in all cases be pUced between the foot and inch figures, thu 
oC J'6". All dimensions under a feel must be eipressed in ii 
cases, inch macks to be omitted. Minimum siie lor dimem 
be, foi whole numben, >i inch high, lot fcactioni Hi inch. 
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zo. Notes and letters must be written in round hand. On small sheets, 
under i8 X 34 inches the minimum height for small case letters to be H inch; 
larger size prints, the minimum to be H2 inch. Notes are to be placed when* 
ever possible in a column at the right hand of the sheet, and are to be under* 
scored and connected with the part .referred to by means of free-hand light 
lines terminated by arrow heads. Notes must be used freely, whenever their 
use will help to explain matters or will avoid an additional view. 

zz. Notes in all cases must read in the direction that the title reads. 
Figures and letters must read from the bottom and right-hand margins. 

za. Line shading is allowed only on assembly drawings. Stxrface shading 
only on drawings sent to customers, except in such cases where its use wiu 
save an additional view. 

Z3. Cross-sectioning. On all detail and shop drawings, cross-section to be 
open in character and varying in spacing accordinff to the siae of the sheet, 
but in no case closer than He inch. Section lines under z inch long, 
must be drawn free hand. The name of the material to be written upon the 
section, using the standard abbreviations. 

Z4. Assembler and customers' drawings to be cross-sectioned in accordance 
with the following standard cross-sections. (See Fig. ^.) 

z$. Finish marks. The s>rmbol for finish to be a capital F., with its foot 
resting ui>on the line indicating the finished surface, the letter being drawn 
at right angles to this surface. 

16. Standard abbreviations are to be as follows: 



Radius — Rad. 

Diameter — Dia. 

Pitch diameter — P. Dia. 

Outside diameter — Out. Dia. 

Center distance — Ct. Dis. 

Angle — ^. 

Cast iron — I. Cast. 

Malleable iron — Mai. Cast. 

Steel castings— St. Cast. 



Brass castings — Brs. Cast. 
Bronse castings — Brs. Cast. 
Aluminum castings — Al. Cast. 
Steel forging; — St. Forg. 
Steel stamping — St. Stamp. 
Pressed steel — Press. St. 
Sheet iron — Sheet I. 
Sheet brass — Sheet Brs. 
Galvanized iron — Galv. I. 



Z7. Checking drawings. Designs are to be checked before tracing for- 
design, material, cost, strength, molding, clearance, assembling, use of 
standards. 

Tracings are to be checked before approval for: oiling, finish, dimensions, 
arrow heads, pattern No., threads, pins, number of pieces, fits, limits, title! 
drawing No. * 

30. Additional data in instructions. In addition to instructions 
such as these, it is well to include specified directions for such things 
as' making out time cards, use of drawing room indexes 
methods of filing tracings, use of the data books relating to either 
standard product parts, to be used in new designs. Fig. 8; standard 
material, m stock and available. Fig. 9; method in filling in titles. 

81. Standardization of machme units. This is a tendency of 
modern manufacture which will probably be extensively increased 
in the future. Instead of assembling the whole machine piece by 
piece the various units are assembled first and then these units are 
assembled to form a complete machine. This is known as " Unit 
A ssembly, *' Fig. 10. The advantages of such a method are as f oUows • 
(a) It permits detailed time study of assembling by reducing it from 
a complicated operation to a series of simpler operations which 
are more easy to handle. (6) It adds to tnUrchangeahiiity with 
respect to various machines which often may use common units 
(c) It permits the quick delivery of machines through having a great 
deal of the work completed in stock, but as these are not the larRe 
parts, such as frames, bases, and the like, less room is required for 
their storage, (d) It permits the more flexible handling of assent- 
iil**r. yMfho under former methods could not be worked on stock as- 
g to any great extent without tymg up a great deal of money 
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All automobile factories work on the principle oC unit assembly, 
some going so far as to make it a point to assemble any two pieces 
which may be put together and return them to unit assembly stock. 



liii^iiilll f 




I important ficloT in dispatching, on the principle that the 
ler we make the trip between starting and finishing point, the 
tT it is to time it properly. 
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In the small shop these methods apply equally well, although 
not to such a large extent. Whenever studs are set into a cylinder, 
or one piece is bolted onto another, or a bearing cap is fitted to a 
bearing, as an independent operation, we have unit assembly. And 
when we make this a regular proceeding, we have standardization 
of machine units. The principle Is to assemble as little of the 
nuchine as a whole as possible, and by following it the amalt shop 
will gain through faster time, better arrangement of Stock, and 
quicker deliveries. An example is as follows: 

triTIT ASSEMBLIES 
Si. Unit asMinblieB comprising & high-preasnre plunger 

i-ihaft beRrings. *nd valve 

b. Beuina capi, with oilen and nuti. 
t. Bearina liners, in balvei with dowell pina. 
3. Ctaokaliaft Aucmhly. 



d. Rod bushing tor pin, WitI 
/. Upper end bu^ng. S[^it 




Pinion Shaft Ammbly. 






Pinion MhsFt. 






Pinion aodltey. Pioig 


n preutd to shaft. 


Pioi 


on Shaft Boi Asiembly. 






Capj. With oilers "ant 


h>l[ bearings) studded fo 




The above bearings a 




Sud 


d^^g^Cba^bej^Assc 


mbly. 
ituddedforcovera. 








Valve covSs." Witli°Su 






Valve Kati. 
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Valve plat«L 
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7. Discharge Valve Chamber Assembly. 

a. Valve chamber studded for covers. 

b. Valve covers with nuts. 
e. Valve seats. 

d. Valve plates. 
«. Valve springs. 
/. Valve disks. 

8. Miscellaneous Parts. 

Air Chamber. 
Suction Flange. 
Discharge. 

83. Unit assembly drawings and lists. To conform to the 
principle of unit assembly, the drafting department in a plant 
where this is practised subdivides its assembly drawings and lists 
also. Thus, each unii being regarded as an independent complete 
assembly has its list of parts, from which the necessary Information is 
obtained by the department concerned without the necessity of 
picking it out of a mass of other data having no relation to it. 
These lists are identical with the bills of material described for 
complete machines, but contain reference to parts entering the 
unit only. Taken together, the lists for all unit assemblies on a 
given machine constitute the machine. A master list refers to the 
various unit lists, as indicated below: 

Master List No. 522 

Constant Speed Universal Miller No. 4 

Designed, 6-a8-ia Drawing No. List No. 

General assembly 6-248 .... 

Countershaft 8- ai B- 1 

Clutch pulley 17- S6 B- a 

Speed box 4-65 B- 3 

Feed box a-ia4 B- 4 

Knee 3-32 B- 7 

Saddle and carriage 4-37 B- 8 

Table 4-28 B- 9 

Spindle and bearings x-149 B-xo 

Drive shaft ia-313 B-i i 

Table 7- 18 B-ia 

Frame and over-arm 7- S6 B- 13 

Dividing head 11- 14 B-X4 

Tailstock 3- S6 . B-is 

84. Committee work on new designs. One point to the disad- 
vantage of the large plant in comparison with the small one is the 
closeness of touch which usually exists in the latter. A new de- 
sign in the small factory would probably combine the best that the 
president, designer, foreman and often the workman could g^ve it. 
There is a sense of exclusiveness in many large plants which is like 
the lack of neighborliness in a large city, and too many times a 
new design is first seen or heard of in the shop when the drawings 
are sent down for use. 

36. To secure the advantages of the all-round point of view and 
to forestall difficulties in advance is the function of the design 
committee which is found in some large plants. It consists of the 
designer, chief draftsman, sales manager, superintendent, the 
foreman or foremen of the machining and assembling departments, 
and any others who are thought to have ideas of value on the 
subject. A preliminary design is usually presented for their con- 
sideration so as to provide a basis for comment, and the details are 



DESIGN CONTROL 25 

gone into one at a time from the various phases of operation, con- 
struction , cost and the like. The result of this is tnat, when the 
design in detail is made and sent into the shop, it is as nearly right 
as the combined intelligence of the different men can make it, and 
a great deal nearer to being ''all right " than if it were the product of 
one mind alone. This also has the advantage, less measurable in 
dollars and cents, of forestalling the criticisms of the chronic kidcer 
whom we often find, who can always suggest a better wa^ to make 
things. In this case he has the opportimit>[ of relieving his mind on 
the subject before it is in final form, and if his suggestions are of 
value they are incorporated. 

86. Another subject which may well be considered by a committee 
of this sort is that of design changes for the purpose of cost reduciion. 
The shop through its intimate experience in handling a piece of 
work often sees opix)rtunities to do it to better advantage if some 
change were made in its (onA. When this is suggested to the de- 
signer, the combination of pride and obstinacy quite often occasions 
feasible changes to be neglected. The shop foreman may grumble 
and pr9bably will, but not being a squealer the matter is allowed 
to drop and the interests of the firm suffer in consequence. If 
matters of this kind are taken up in committee meeting at which 
an unbiased official, as the general manager should be, is present, 
desirable changes will undoubtedly be made. And the shoe is 
not always on the one foot, for the designer majr often suggest a 
better method of machining than the one which is in common use 
in the shop. 

87. Standardization of detail in machine tools. This is 
something that is not done to any large extent by the builders 
of machine tools, and this makes it necessary for the purchaser 
to do it if it is done at all. There is no reason, for example, why 
machines of the same relative type and capacity should not be 
provided with tool-holding devices corresponding in size, or with 
similar threads on the spindle noses, and so on. If these features 
were more standard there would be a greater interchan^eahility 
in the matter of small equipment within the plant. It is not a 
difficult matter to change tool posts with this end in view, nor to 
provide screw bushings for the spindle noses of various lathes so 
that chucks may be used interchangeably. Sometimes these 
small details can be standardized within the factory at an ex- 
pense which will soon be made up by the decreased total amount 
which has to be invested in minor equipment. (See pp. 105 to 139.) 

88. Standardization of jig and fixture parts. The tool room 
is often regarded in the light of a place exempt from all ordinary 
requirements in the nature of getting out the product at a minimum 
cost. While we do not wish to destroy the prevailing standard of 
accuracy that exists in this department, or reduce the quality of 
output, there are certain steps which may be followed to make it a 
more efficient and a less expensive proposition. It will hrlp in 
understanding this to review the various ways in which tool rooms 
are commonly conducted. One that prevails extensively, and 
possibly the worst, is that in which one man is given a jig or tool to 
complete from start to finish. He will plane the finished surfaces 
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in the tool-toom shaper, then drill for the hinge pins and fit the 
hioge cover, then lay out his boles and bore them, cut the stock 
for the bushings on a h&cksaw and turn them on a lathe, after- 
ward grinding them. If we allowed that method in the stiop. 




n with work requidng Ihe utmost accuracy, the companywould 

n be in the hands of a receiver. 
A second method, and a little better, is where the /uncti4MU are 
divided between macliint hands and looltnaters who do the fitting 
and assembling. There b no doubt but that the machine work in 
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such cases while done at a faster rate is done equally well if not 
better. 

A third step, and a still more desirable one is to still further 
divide the work according to the degree of skill required. The 
roqgh work may be done to advantage outside of the tool room 
by those who are more trained to appreciate the value of time. The 
tool maker's skill is applied only where it is needed, and this is 
further subdivided, one man doing the locating and laying out, 
another the fitting, another the testing of the first piece and 
another putting the final finishing touches. 

To do this to the^ best advantage requires the standardization 
of jig parts. There is no valid reason why jig screws for example 
have to be different 
for each jig made, or 
cannot be produced 
in lots by one of the 
manufacturing de- 
partments and held 
in stock in the tool 
room. Nor is there 
any reason why jig 
bushings cannot be 
standardized, made 
on the screw ma- 
chine in lots of a 
hundred or so and 
similarly held in 
stock. The final 
grinding or lapping 
mav be done m the 
tool room if the 
degree of accuracy 
requires it. Jig 
straps should be 
standard, hinge pins 
should be standard, 
and the more of 
these parts we make 
in this manner, the 
le9s will be the tool 
room's share in pil- 
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-Interchangeable drawings for standard 
or frequently used parts. 



ing up the overhead. The use of data sheets as illustrated in Fig. 
II is a necessary step in this direction. 

89. Standard interchangeable drawings for machine parts. It 
is sometimes a convenience to keep on hand finished prints with 
blank ^mension spaces for standard machine parts which are 
likely to be ordereci in a hurry on account of breakdown or other 
reasons. As shown in Fig. 12, one print is often all that is 
required to cover a large line. Almost any size gear, for example, 
could be represented on the figure shown. The same thing ap- 
plies- to many other standard parts, such as worms and worm- 
wheels, bevel gears, collars, shafts, handwheels and the like. There 
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are standard prints which are offered on the market at a nominal 
sum, reproduced on the printing press, and covering a large line 
of such details. Their use is likely to save expense as well as 
delays. These drawings may be made in the form of tracings, 
circles or squares being left blank foi* dimensions and made opaque 
with India ink or pasted paper so that they wiU print white. 

FILING METHODS 

40. Filing tracings and lists. Tracings are filed in several 
ways. A good method is to file them in steel drawers within a 
fireproof vault. Drawers are provided with some means to 
keep the tracings flat and compressed, so that too much room 
will not be taken. Spring clips, weights, and flat sheets of glass 
covering the tracings are among the methods used, the latter be- 
ing especially good as it helps protect the tracings from dust and 
puts an even pressure over the surface. 

41. Sometimes tracings are rolled and filed in metal tubes. 
These tubes are then placed in a vault. There are a number of 
disadvantages to this scheme, chief among which is the damage 
to the tracing caused by rolling and unrolling. It is the only 
feasible way, however, to file exceptionally long tracings ' without 
folding. The contents symbols are indicated on the covers of 
the tubes. A somewhat similar scheme is one used abroad where 
round tiles imbedded in concrete and provided with metal covers 
take the place of the metal tubes. 

42. Vertical files are sometimes used. The only apparent 
advantage of this method is that the sheets are removed and 
replaced with equal ease, whereas in the horizontal drawer, diffi- 
culty is experienced sometimes in getting out and replacing bottom 
sheets without disturbing the rest. A modification of the vertical 
file is the hanging portfolio, in which tracings are placed in a sus- 
pended affair resembling a large book cover. 

48. Aside from the mechanical filing of tracings, is the method of 
filing them with respect to nature and size of the drawing, as- 
sembly, and so on. Good practice is to file them according to size 
of sheet, regardless of connection; the file location as indicated on 
the list being sufficient to locate them. When this is done, the 
drawing number is made up of the drawer number and the sheet 
number, separated by a dash. The sheet number is the relative 
location within the drawer, starting with sheet i on the bottom. 

44. Another common way to file tracings is to keep aU drawings 
of a given assembly together, regardless of size. This is used with the 
tube and portfolio systems. The location is given by the name or 
symbol of the assembly. A great deal more room is required 
when this plan is used, since a small letter-size tracing takes as 
much space as a complete layout, unless the latter be folded, which 
is bad for the tracing. The only advantage which can be claimed 
for this method is having all tracings which relate to a given ma- 
chine at hand in one place. Blue-books, however, answer the pur- 
pose as well and save handling the tracings. 

46. Lists, or bills of material are filed in various ways. Where 
drawer scheme of filing tracings is used, uniformity argues in 
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favor of filing lists in this manner also, and designating them by 
drawer and location number. Where the portfoho scheme is used 
the list is usualhr filed with the tracings. In other places, lists 
are sometimes med in loose-leaf binders and have numbers in- 
dependent of the tracings. These numbers may be serial numbers, 
or machhie symbols, the location within the binder being accord- 
ing to the serial number or symbol. 

Sketches are often filed in copy books, being located by the page 
number, a cross-index being made by subjects, referring to this 
page number. When the drawer system is used, a better plan is to 
keep all of the filing uniform in character, including the sketches, 
tool and jig drawings, Usts and the like. Letters may be used to 
designate the drawers if this is desired, or distinction made be- 
tween sketches, tool drawings, production drawings and the like, 
by various cabinet symbols. Since separate sections are usually 
kept for these vaipous types of sheets, however, this only adds un- 
necessary detail, the drawer number being a sufficient indication. 
Fig. 5 shows a drawing cabinet layout, the cabinets being on the 
sectional plan and drawer numbers assigned to leave room for 
expansion. 

Whatever filing scheme is used, when a tracing is withdrawn, the 
user should substitute a sheet of paper in its place, stating who has 
it. Otherwise much time may be spent hunting for a supposedly 
misplaced tracing. Large drawing rooms employ a clerk to keep 
a record of all tracings out. 

46. Method of issuing and fOing blueprints. In plants where fire- 
proof storage for tracings is not available, it is sometimes a precau- 
tionary measure to have a print of each drawing niade and filed in 
some location independent of the building containing the tracings. 
In this case, care must be taken that the prints are kept up-to-date. 

47. Methods of issuing prints to the shop are as follows: On 
standard drawings, for use at machines, prints are usually mounted 
for the convenience of the operator. The materials on which 
they are mounted are numerous, among them, cloth, leatherboard, 
wood, fiber, cardboard, and sheet iron. The latter ranges from i8 
to 24 Ga. according to the size of the print. The prints are also 
coated with shellac or varnish so that they will not become soiled. 
Mounted drawings are usually filed in the shop, sometimes in the 
production office, and sometimes in the tool cpb, in the latter case 
being issued on checks, like tools. They are recalled only when 
superseded or changed, but for this purpose a record must be kept 
in the drafting room showing where they are located. 

48. Books of complete machines are often issued, usually to the 
assembling and cost departments. A set is kept in the drawing 
room to avoid handling tracings in looking up dimensions and other 
data. These books may be either complete in one volume, as is 
customary when the number of sheets involved is not large, the 
small sheets being placed on top of the big ones; or they may con- 
sist of several volumes arranged according to sheet size. A list 
or bill of material is usually bound with the prints of each complete 
machine. Oil-cloth covers are provided to prevent tearing and 
soiting. 
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being all made at once, preferably on the typewriter. They are 
filed in different file boxes, each being arranged according to the 
subject indexed. The principal labor is therefore in fiHng the 
different copies, since it takes but little longer to make out several 
than one. Additional information may be added to any one of these 
files, as for example, the record of tools as shown at /, and the 
record of revisions as sho¥m at /. Suggested subjects for filing 
these key cards are as follows: by drawing number; machine 
and part; pattern number; shop symbol. 

69. Record of pattern numbers in book fonn. In addition to 
the key-card record of pattern numbers, which is largely for shop 
use, it is advisable to have a more permanent record in book form, 
as shown at H, Fig. i6. Where patterns are numbered con- 
secutively, as made, this is preferably a solid ^ bound book, so 
that pages cannot be mislaid. Among the subjects which may be 
given to advantage in this book are: pattern number; machine; 
part; date designed; pattern location (unless keyed by pattern 
number); material; weight of casting (average); orawing 
number. 

60. Record of machine numbers. Where machines are given 
shop numbers, which is usually done consecutively, a book record 
of these numbers should be kept, preferably in solid binding. 
This record can refer to machine number, date of order, machine, 
size and type, order No., customer's list No. (See Fig. i6 P.) 

61. Record of customers' names and order numbers. It is 
often necessary to locate information having the customer's name, 
especially in furnishing repair parts where indefinite informa- 
tion is furnished. To facilitate this the above record is kept, in 
loose-leaf form, arranged alphabetically by customer's name. 
The following points should be noted on this form: Customer's 
name; date; machine, type and size; machine No.; list No. (See Fig. 
1 6 K.) 

62. Record of foreign drawings. Foreign drawings usually 
come in connection with a special order, and the customer's name 
is known. The record of customers' names and order numbers 
is therefore the logical place to state the file location of these draw- 
ings. (See Fig. i6 K,) 

NOTB TO FIG. x6. 

Economy in the drafting room necessitates the finding of desired informa- 
tion with the least expenditure of time and energy. This chart shows the 
numerous questions that have to be answered, and the records which will 
answer them. The fundamental point is to arrange matters so that the 
tracings will not be handled except for printing purposes, as otherwise they 
Quickly become defaced. All information therefore must be secured other 
tnan from the tracing itself. Twelve sets of records are necessary to give 
this information quickly and efficiently. Three of the forms however 
B, C, and D, are iaentical, being made at once but filed differently. 

Under the system^ represented, the location of lists, drawings, and tool and 
jig sketches determines the list number, drawing number and tool number, 
the first figure of the symbol representing the drawer in which the drawings 
are filed, and the second the sheet location in the drawer. Thb same scheme 
is sometimes applied to pattern numbers, resulting in simplification where 
this is possible. 

No matter what forms of records are kept, the information indicated 
must be obtained. The graphical representation of how this is done is a 
great aid in familiarising new men with the methods in vogue* 
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63. Record of order numbers is preferably kept in a solid bound- 
book form, as shown at G, Fig. i6. For simplicity it will 
be sufficient to refer on this form to the machine number only, 
since other data will be available from this. 

64 Order for designs. A simple form should be used to in- 
dicate who is the authority for ordering a new design. In this 
connection, sufficient information is often placed upon such an 
order to give the designer a working start. In the government 
shipyards, planners are employed to investigate jobs which re- 
quire drawings. These men have the skill and experience which 
enables them to write definite working instructions to those who 
are to make the drawing. In this way experience is made avail- 
able among a large number who are thereby enabled to produce a 
higher grade of work than if left to themselves, or the occasional 
instructions of a chief-draftsman. 

CHANGES 

66. Keeping track of changes. Changed in design are ex- 
tremely important to record, as otherwise shop practice and. 
recorded design will draw gradually apart, leaving an opening 
for much confusion and error, especially in the matter of repair 
parts, which are likely to be ordered without much thought as to 
their proper designation, or the aid of a sketch. 

Of prime importance, to avoid this, is the necessity of laying 
down a hard and fast rule that no changes are to be made unless 
authorized by the drawing room. 

On the other hand, too much opposition to a change for the 
better will have the effect of killing all tendency toward improve- 
ment suggestions, and since many of these come from the shop 
after the theory of the drawing is reduced to definite practice, a 
condition of this kind must not be allowed to occur. A definite 
procedure for handling changes is therefore desirable. In some 
plants, those who are in position to request changes are provided 
with padded books for that purpose, retaining a copy of the sug- 
gestion. These are then considered by a committee consisting 
of the management of the plant, the chief engineer, chief drafts- 
man, the superintendent and any others whose advice on the sub- 
ject is of value. In this way the matter is pretty sure to be threshed 
out thoroughly and changes which are not important will probably 
be passed over, since the^ tend to disturb standardization. A 
s^'stem of this kind maintains automatically what has been termed 
the progressive standardy since changes of small importance are not 
likely to be made under it and those which are made will advance 
the standard. 

66. Changes which are slight, such as the correction of di- 
mensions, and the like, do not require a new tracing. They 
are properly cared for by means of space allowed for this pur- 
pose on the tracing and a record of the drawing numbers changed 
which is filed by the drawing number, giving the following in- 
formation: Sheet No.; item changed; date; reason; authority; 
executed by; last machine built with this construction. If this 
record is on card form, say 4X6 inch size, it may well serve the 
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additional purpose of an order to make the change. Fig.^ 17 
indicates a convenient way of noting changes on the tracing. 
Space for this purpose is allowed next to the title-space and re- 
served for this purpose. Small changes are given key letters 
which locate them On the record space, as to date. 
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Fig. 17* — Method of recording changes on tracings. 

67. Where the change is so great as to require new tracings, 
other methods must be employed. The superseded tracing is 
usually marked with cross lines of coarse pitch, so that there will be 
no mistake about its being an old one. The words superseded by 
are printed in the change column, followed by the number of the 
new tracing, and the date. It is a good plan also to state the 
shop number of the last machine made according to this drawing. 

The new tracing is marked, superseding, followed by the draw- 
ing number of the old tracing, and the date. It is also a good 
plan to note upon it, ** After Machine No." so that this informa- 
tion appears on both old and new prints. 
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Pig. 18. — A card index of changes. 

68. In addition to the notations made on the tracings, it is 
well to have a card index to cover this point, so that the tracings 
wHl not have to be handled. Such an index card is shown in Fig. 
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1 8. It is made out in duplicate and filed both according to super- 
seding number, and according to superseded number. 

69. Keeping trade of changes on blueprints. The form shown 
at Z., Fig. 1 6, is a convenient one for this purpose. It not 
only provides space for noting the dates of several changes to 
each print issued, but also gives the location of the prints, which 
is of service to the man who makes the changes. When a draw- 
ing is entirely replaced by a superseding one, all copies are re- 
called and the record sheet destroyed, a new one being made out 
for the new drawing. These record sheets are filed by drawing 
number, and may be either of card or book form. 

70. Rectifying mistakes in drawings. A mistake in a drawing 
is sometimes discovered, and becomes a point of knowledge to 
the foreman and some mechanics, to be corrected by them when 
occasion requires with the next occurrence of the same work. The 
drawing is not corrected, but all goes well until the work is given 
to a new man in which case it is quite likely to be spoiled. To 
obviate the chance of this, definite means must be provided whereby 
tracings, and prints as well, are immediately changed as soon as 
an error is discovered. 

If this is not done, after a period of time the drawings and the 
actual work become further and further separated, and the burden 
of special information becomes so great that it is impossible to 
avoid costly errors. When a new machine is completed, after 
the various transitory changes have been made it is a good plan to 
send a draftsman down to check up his prints in detail with the 
construction as it stands, on the same principle that it is advisable 
to take a physical inventory of matenals on hand periodically to 
correct errors in the running accounts. 

FINISH, LIMITS AND CHECKING 

71. Unnecessary versus sufficient detail on drawings. The 
amount of unnecessary time spent in the drafting room can be 
judged from a close inspection of almost any shop blueprint. The 
following, Fig. 19, shows how time may be saved without the 
sacrifice of clearness. Fine shading should not be allowed, nor, 
to any extent, should we permit the designation of material by so- 
called "conventional'' or ''standard'' cross-sections, as it is easier 
to use plain coarse cross-sectioning, and write the name of the 
material on this section. There is also no reason why bolts, studs, 
cap-screws, set- screws or washers should be shown, as the center 
Une and a note giving the sizes is enough to convey a clear impres- 
sion of what is wanted to any one who has mechanical experience 
enough to use a drawing at aU. In fact, leaving these unnecessary 
refinements off makes the important part of the drawing much 
clearer. Notes on drawings are easy to make and will often save 
an additional view or many lines. Some draftsmen seem to con- 
sider it a disgrace to use notes in this connection regardless of the 
fact that it economizes time wonderfully. Notes should be 
written instead of printed, for it is much faster and if done in a 
round open hand will be more easily read than a great deal of the 
fancy lettering. Center lines for pitch diameters, and plain circles 
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lor outside diameters of gears vrill convey sufficient information 
to any one who Icnows what a gear is, and a dose delineation of the 
teeth on the drawing will not make the finished article run any 
smoother. It is also an unnecessary refinement to show the 
arms of gears or pulleys in drawings for the shop, as the machinist 
has nothing to do with them, and for purposes ol identification, 

ZSPraees Ktqwrta.CI 
Drill i Tap for^'Pipt 




notes stating the number of arms, or a solid web, are as good as the 
picture. In addition to the foregoing, all figures ^ould be made 
large enough to be easily seen in a dark shop, the lines of the 
drawing should be coarse and legible, dimensions should be put in 
places which will be most convenient for the workmen, and should 
be such that it will not require the addition of fractions to arrive 
at a necessary dimension. 
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72. Placing limits on drawings. In defining the degree of ac< 
curacy, there are several schemes in present use. One simple one 
is to indicate by the dimension figure the degree of accuracy re- 
<^uired. Thus, yi^ia inches would indicate that the yH-inch dimen- 
sion was to be finished to within V^ inch; 4.50 inches would indicate 
a 4H-inch diameter with a tolerance of 0.01 inch either way; 4.250 
inches would mean a tolerance of o.ooi inch on either side. Where 
tolerances are more than one unit of the last decimal place the only 

solution seems to be to give the plus and minus, as: 4.250'' 'f'^f 

" «^ » -r ^ 0.002 

or 4.250" ± 0.002. 

Where tolerances differ as to upper and lower limits, 4.250" "^ ^*?f 

^ "^ — 0.003 

Where the given dimension must not be exceeded, but tolerance 

is allowed below 

4-2SO /r 
4.247 

78. Where limit gages are used exclusively it will not be neces- 
sary to place the numerical tolerance on the drawing, but to refer 
to the number of the limit gage which is used. This is a definite 
way of stating the degree of accuracy required which is readily 
understood by machine hands who never handled or saw a 
micrometer. 

74. indicating the degree of finish. When a mechanic is work- 
ing from an individual print, and has not seen an assembly drawing, 
and does not know in what connection the part he is making is 
used, he has no idea as to the requiremeiits of accuracy and finish 
unless these are plainly stated on the drawing. The result is that 
he will generally put too much time on the piece and give it the best 
finish possible. This is a clear loss of money, especially in cases 
of parts that have no particular need for accuracy, and where the 
finish will not matter because they are not visible. 

When this matter is put up to the draftsman, it is not helped to a 
great extent, for unless he has had considerable mechanical experi- 
ence, he dislikes to commit himself on the subject. Consequently 
on the majority of blueprints, the matter is ignored altogether and 
left to the shop to decide. 

The proper individuals to state how much finish is required and 
what degrees of accuracy are the chief draftsman and the designer. 
This is also a very good opportunity to make use of Committee 
Work. (See 34 to 36.) But it is as necessary and important to 
have thb information on the drawings as it is to have the dimensions. 
The next question is as to how it shall be indicated. This divides 
itself into two problems, first, showing the accuracy required, 
and second, showing the finish requir^. The two do not go 
together, for some parts that do not matter if they are within a 
sixteenth of an inch in size require to have a fine polish for ap- 
pearance sake. 

76. Each shop should choose a definite and graduated scale of 
finishes, var3dng from a rough cut to a high polish. Samples of 
what is meant by each may be made available in various depart- 
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ments to familiarize new hands with what is meant by Finish No. i 
or Finish No. 4. A suggested scale is as follows: 

No. I Rough cut finish. 

No. 2 Light cut with round nose. 

No. 3 Finish Cut. 

No. 4 File Finish. 

No. s Light Polish. 

No. 6 High Polish. 

No. 7 Scrape. 

No. 8 Spot. 

These numbers may be placed upon the drawing after the finish 
marks and will leave no question as to what is required. They are 
also of great use to inspectors in deciding whether the finish of a 
part is passable, this being something that is usually left more to 
personal judgment than anything. Judging a piece for finish 
under this plan becomes as easy as determining whether it is within 
proper limits. Samples of this kind are very conveniently mounted ' 
in cases which are provided with glass fronts to prevent their 
becoming handled and rusted. 

76. Use of assembly drawings. Assembly drawings serve a va- 
riety of purposes both in- the drafting room and in the shop. In 
the drafting room, design is often started by laying out the assembly 
first. It is often checked for proper clearance and dimensions by 
combining the details as drawn into an assembly or construction 
drawing which shows their relation to each other. When design 
is started with an assembly drawing, this must naturally be modi- 
fied with the changes that develop when detailing the various parts. 
It is a good plan with an operative machine that is at all complicated 
to make a final assembly from the details independent of the 
original assembly, and in addition to it. Many errors are dis- 
covered in this way, which is somewhat cheaper than finding out 

• that parts do not fit after they are machined. 

Assembly drawings in the shop serve the purpose of showing how 
the parts are put together and their relationship. They are quite 
essential on new work with which the men are unfamiliar. 

Still another purpose is served by the assembly drawing, and 
that is to give the customer an idea of what he is getting, or to 
point out structural advantages to the prospective customer. For 
this reason assembly drawings are finished with more elaboration 
and with an eye toward effective appearance than are the detail 
drawings which rarely get outside of the shop. Conventional shad- 
ings for sections, and surface shadings are quite permissible on these 
drawings when considered from the point of view of their im- 
pression on the customer. 

77. Use of detailed drawings. Detailed individual drawings of 
each part on a separate sheet are coming to be used more and more 
in repetitive manufacture. There is no more reason in providing 
a mechanic with unnecessary drawings than in handing hina a 
number of unnecessary tools in addition to the one that he requires 
for the work. A single drawing is easier to follow through, and 
/Ae shape and size of it seems to be more clearly impressed upon 

M^ /77/nd than when the attention is distracted by a. ivwrnVict ol 
^tlier parts dra wn upon the same sheet. There is a\so an ?tdv3LiAat%^ 
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at the starting point, the drafting room, in that the draftsman will 
unconsciously pay more attention to putting in all the necessary 
detail, dimensions, etc., than if he has many items on one sheet. 
Another advantage b that many men may work on different parts 
of the same order at the same time without the necessity of dupli- 
cating blueprints or tearing one into pieces to divide up as is oiten 
done. 

78. In cases where it is thought undesirable to have the drafts- 
man finish each separate piece individually, possibly on the ground 
that he will have to change operations too frec^uenthr to make 
good time, as from pencil drawmg to tracing, this difficulty may 
be met by dividing a large standard sheet into squares which are 
ruled with dividing Unes, putting the detailed drawing of one part 
in each square, and then having them cut on the dividing unes 
after the blueprint is made. Where the drawer and sheet number 
system of drawing numbering 13 employed, as described in (28), 
letters, a, 6, c, J, may be used after the sheet number to locate the 
part on the tracing when this is done. 

79. Use of samples instead of drawings. In some plants, sample 
pieces are used mstead of drawing, to convey the meaning of 
what is wanted. The use of these is to be condemned unless the 
grade of intelligence employed is so low that nlbither language nor 
drawings can convey the impression of what is wanted. The dis- 
advantages of using samples are many, among them the time re- 
quired to measure each part, and wluch can be seen at a glance 
on a proper print, the fact that dimensions become incorrect through 
wear or abuse, and that the samples are frequently lost if placed 
in the operator's hands, often becoming mixed with product pieces. 
Samples have their uses in indicating degrees of finish, as described 
in (75)y but as a substitute for drawings, the less they are used 
t^e better. 

80. Finish of tracings by draftsmen. There is considerable 
difference in practice in the matter of tracing drawings. In 
some plants draftsmen are not allowed to do this kind of work 
which is done bv boys or women known as tracers. An analysis 
of the work will soon indicate which scheme is feasible. Where 
there is a constant variety of new drawings, little standardization 
or complicated work, it would take the draftsman as long to 
instruct the tracer as to do the work himself, and in addition he 
would have to put a great deal more detail into his pencil work. 
On the other hand, where the work is specialized, simple, or where 
there is enough of it so that it may be divided up between various 
tracers, each of whom has a certain kind to do, there is no ques- 
tion but what the work may be done as well and at less cost by 
using tracers. In any case, boys ma^ be employed to draw border 
lines and ink In the lettering of the titles. That is, unless the firm 
goes one step further and buys its tracing cloth cut to standard 
size sheets with the border lines printed on them as well as the 
outline title form. 

81. Separate drawings for the pattern maker and the shop. 
On the principle that the draftsman should make matters as 
easy for the shop as possible, some firms make a practice ol pro- 
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3o, which also shows how much more confusing it is when the 
two are combined. More complicated work of course holds out 
evea stronger arguments for this practice. It is not so much the 
time saved in the pattern shop that counts, as this work is done but 
once, but it is repeated many times in the shop and unnecessary 
dimensions only distract the machinist from the essential ones 
and lead to mistakes. 

Another method which requires less work is to omit inking in 
those dimensions on the tracing that pertain to the pattern maker, 
but to go over them with a soft pencil so that they will print. 
Two or three prints are made from the tracing thus prepared, after 
which the pencil lines are erased with gasoline, leaving only those 
dimensions of interest to the shop. One of the blueprints is filed 
in the drawing room to use in case pattern changes are to be made. 
This is a very logical scheme, since the pattern maker uses a draw- 
ing but once as a rule whereas it is used many times in the shop. 

Still another plan is to make the drawing and tracing as if it 
were intended solely for machining, and indicate pattern makers di- 
mensions and details on the blueprint in yellow crayon. 

A plan sometimes adopted is to make use of a folded tracing, 
whereby the pattern dimensions and details become superimposed 
upon the machining part of the drawing when making a print for 
the pattern shop. A print made with tracing unfolded gives 
simply the finishing detail. This means gives a simple drawing for 
the machinist, who uses it most, and a complicated one for the 
pattern maker, as do the last two plans descnbed. They are less 
costly methods than the first described and illustrated, of making 
separate tracings for both departments. 

82« This same principle is followed to advantage in dealing with 
rough and finished forging drawings. The drawing which is sent to 
the blacksmith shop contains the dimensions of the forging re- 
quired and saves the time necessary to figure how much finish 
to allow in making the forging. One step further is to indicate 
the diameter and length of stock which is to be used by the black- 
smith from which to hammer and draw down the for^ng. This 
is usually estimated by the blacksmith and may result in excessive 
waste of stock, as he will be careful to get the original piece big 
enough in any event. After it is once determined, good manage- 
ment would indicate making it a matter of record to save this 
possible waste and also the blacksmith's time in estimating. 

83. Photographs instead of drawings. The Holt Mfg. Co. of 
CaHfomia have a unique method of imparting information to the 
shop by means of photographs instead of drawings. The photo 
representing a given part shows all the necessary views which 
would be given on a blueprint, and has the dimension lines added 
afterward. Plentiful use of notes helps to explain what is wanted. 
Prints are distributed to the pattern shop, superintendent's office, 
drafting department, pattern storage, machine shop and branch 
offices. The frints are filed in card cabinets. Fig. 21 shows 
the method of filing, and Fig. 22 shows an index or list of classi- 
fied photos, by means of wluch any desired one is easily located. 

Of course new designs cannot be photographed before they are 
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made, so rough sketches are constructed for use by the pattern de- 
partment. After the castings are made they are photographed in 
the rough state, and the finishing dimensions added. 

The advantages offered by a system of this kind appear to be a 
saving of time and a decrease in the number of draftsmen required. 
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Fig. 21. — Classification of photographs in drawer. 

In fact the chief and practically only duty of the draftsmen wiU 
be in laying out new designs, and placing dimensions on old ones. 
The process of making the photographs, which is done with a verti- 
cal camera, is not a di£Bcult one. 

S4. Use of typewriter in the draftmg room. The typewriter 
may be easily adapted to the drafting department. One common 

use is for filling out 
the notations on the 
bills of material. It 
takes quite a while 
to print these with 
a pen and ink, not 
so long to write them 
in a round hand, but 
the typewriter com- 
bines the advantages 
of appearance with 
speed. For securing 
good results on trac- 
ings it is necessary 
to place a reversed 
sheet of carbon 
paper under the 
tracing so that the 
characters are made 
more opaque since 
the typewriter ink 
on the face of the 
cloth or paper is 
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22. — Portion of list of sections of classified 
photographs. 



reinforced by the carbon impression on the back, (see 51). 

Prints made from typewritten matter on onion skin paper have 
the clear blue and white effect of the best tracings made with india 
ink. The tracings must however be handled rather carefully after 
they are completed as otherwise the carbon will smudge. When 
many prints are required it is good policy to make a positive brown 



DESIGN CONTROL 45 

print from the tracing which when printed from will give blue 
characters on a white groimd and which will not suSer through 
considerable handling. 

Special typewriters have been constructed to take in the large 
sheets used in the drafting room, and all notes on tracings made on 
the typewriter. All that is required is a platen of extrd, length which 
can be furnished by most t)rpewriter concerns on special order. 

86. Keeping dofwn the amount of pattern changes. Patterns 
are often built up or changed in order to avoid the construction of 
new ones. Generally this is done on the initiative of the. pattern 
foreman in order to reduce the labor in his department. It is 
well to help him in the matter by attention to this in the drafting 
room. The order for new patterns should require the O. K. of 
the chief draftsman, who should be particular to raise the question 
in all cases, as to whether this matter has been carefully considered. 
This b especially necessary in the case of motor, turbine or engine 
bases where the center tine height of the driven machines is likely 
to vary considerably. In some instances, money is saved by having 
the pattern for such bases made in two parts, one of which is 
standard and the other subject to change. The parts are detachable 
but bolted together for ramming up the mold. 

86. Titles. Elaborate hand-lettered ritles are being discarded 
as an unnecessary item. Rubber stamps which outUne the general 
lettering of the title common to all drawings are often used, the 
draftsman or tracer following these as a guide and covering them 
with India ink with a lettering pen. Another method is to print 
titles on a printing press. Stfil another is to use a copper or tin 
stencil plate and a stiff brush which is rubbed while wet against a 
stick of India ink, until the brush is thoroughly saturated with ink, 
the brush being then rubbed over the stencil plate which is laid 
in the required position on the tracing. 

Information which must be contained in the title, but which 
varies with each drawing, such as name of draftsman, of piece, 
and so on, are usually written in round hand. The essential in- 
fcrmation necessary to the average title is shown as follows: 

Name of company. 
Name of part or machine. 
Detail or assembly. 

For order No (or standard) . 

Designed by and date. 

Traced by and date. 

Checked bv and date. 

Approved by and date. 

Drawing number. 

87. Checking drawings. The process of checking a drawing re- 
solves itself into two parts. The first concerns the shape of the 
piece — the design as it might be called, and brings up the question 
as to whether the shape and form shown is best for the purpose 
intended. The second part relates to the mechanical correctness 
of construction, dimensions, etc. 

88. The logical time to check design is before the drawing is 
traced, since any changes resulting from an inspection for this 
purpose will materially change the whole drawing. Checking for 
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dimensions, and the like, is usually done after the tracing is com- 
pleted, but before the drawing is approved. 

There are several processes of marking a tracing when checking. 
One is to mark the corrections with a soft pencil. As these are 
altered, the pencil mark is erased. This however does not indicate 
that the drawing has been entirely checked, especially foj dimen- 
sions, one or two of which may have been overlooked. To avoid 
this, a check mark is sometimes placed after all dimensions, right 
or wrong, the latter being denoted by a distinguishing mark, such 
as a cirde enclosing ^e dimension. 

The drawback to correcting in this manner is that after the 
tracing is cleaned of pencil marks, nothing remains to indicate what 
was found wrong, nor to place responsibility for corrections not 
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Pig. 33. — Functional organization applied to drafting room. 



made. The following method avoids this. The tracing which is 
to be checked is printed, and the print is gone over instead of the 
tracing, a yellow pencil mark indicating correct dimensions and a 
red one wrong ones. Then the tracing is corrected from this, the 
print being filed away for future reference in case a mistake is found, 
in which case it can be determined whether the checker or the one 
making the changes called for was responsible for the oversight. 

89. The placing of definite responsibility for all possible actions 
suggests the use of checking cards which are used by the checker, 
not only as a guide to the items to look for, but on which he checks 
each item after going over the drawing. The points mentioned 
in drafting-room instructions, (29) No. 17, will serve as a guide 
in laying out a checking slip. Since the same individual is not 
likely to check for both design and details, two slips are necessary. 
These are filed according to drawing number. 



DESIGN CONTROL 



47 



90. Coonectiiig the work ot fhe product designer with the tool 
designer. The method of keeping the tool designer in touch with 
new production designs varies according to the scheme of organiza- 
tion of the drawing room. In some cases, all new drawings by 
routine pass through the hands of the tool designer, who notes those 
which require tools and what tools required. This notation is 
passed upon by the Chief Engineer and Superintendent, in order 
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Pig. 34. — ^Line or "squad" organization in the drafting room. 

that unnecessary investment or excessive elaborateness be avoided. 
In some cases the tool designer receives simply instructions as to 
what tools and jigs to make, having no choice in their selection. 
This is usually the case when the routing is done by a processing 
engineer who studies the most economical sequence of operations. 
In still other cases, the matter is taken up by a committee in con- 
nection with other details regarding the new design, as described 
in paragraph (35). (See Figs. 23, 24, 25.) 

91. Laying out work for the drafting room. On an order which 
requires drawings before the patterns can be made, the work done 
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in the dnfline de[>u'traei)t ofFects the quickness of shipment as 
much as that aane in any part of the shop. The draftiog room is 
therefore the £ist departiiient which has to make a promise of 
completion on its work, and it must be said that as a, rule these 
promises are more poorly Uved up to thaji shop promises. At the 
same time planning work in the drafting room is much simpler than 
in the shop, dnce fewer elements are dealt with. 

A system for laying out drafting work and estimating its date of 
completion is described by F. W. Harris in an article " Making and 
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92* Routiiig work from the drawing room. Considerations of 
design vitally affect the cost of a given piece by practically dictat- 
ing now it shall be machined. In view of this fact the routing of 
work through the shop is sometimes done from the drawing room, 
under the supervision of the chief engineer. This seems the 
logical place to handle the routing, since if it is handled in the 
production department there is a lack of such intimate knowledge 
of the functions and requirements of the piece as is or should be had 
in the engineering and designing department. If this department 
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PxG. a6. — Schedule of work in the drafting department. 

is responsible for routing^ it will have a tendency to bring to bear 
more strongly the question of final cost and the cheapest ways 
and means for finishing the piece, all of which is to the advantage 
of the firm. Routing must not be confused with dispatching. 
Routing simply assigns the sequence of operations, and chooses the 
machines best fitted to^ perform them, while dispatching takes 
actual charge of the timing of their movements through the shop. 
This latter is hardly ever placed under the control of the designing 
department as it would be an encumbrance upon them and they 
are not in position to handle it. 

When work is routed from the drafting room, the principles 
and forms used for this purpose are the same as when it is done 
in the shop. The work is usually done by a process engineer 
who studies the proper sequence of operations. Under him is 
the tool designer. Tne instruction cards for each operation are 
made out by clerks who work under the direction of the process 
engineer. 

is. Compensation methods in drafting rooms. Little has been 
done successfully in the matter of compensation of draftsmen other 
than by day-work. One or two instances are recorded in which a 
bonus has been paid at the end of each year, in some cases depend- 
ing on the length of service and in others on the absence of mis- 
takes which caused expenditure to correct. The first method ne» 
cessitates setting aside a sum or appropriation for the year's drafting 
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expense and then giving a bonus of one-half the amount saved. 
This is divided up in proportion to factors obtained by multiplying 
the number of months of service by the day-rate. The tendency 
of this system is to keep down the number of draftsmen. The 
system which b based on expense of errors sets aside an annual 
arbitrary sum which is to be used as a bonus and keeps an in- 
dividual record of the errors of each draftsman. One- third of the 
cost of correcting his errors is deducted from his share of the 
bonus. The second system would seem to be the most logical one, 
but in any case it is difficult to standardize the draftsman's day's 
work, wUch would be essential to the successful use of special 
compensation methods. And it does not pay to have them work 
unduly for speed at the expense of accuracy, since the small amount 
saved in the drawing room might result in great loss in the shop. 
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SELECTION OF EQUIPltENT 

94. Equipment. Equipment comprises everything within the 
plant aside from the direct and indirect materials, and the labor 
which is applied directly and indirectly on the product. It enters 
into the cost of the product indirectly, through fixed charges 
which are set to represent its depreciation and sometimes also the 
interest on the investment as well. 

96. Functioiis of management with respect to equipment The 
functions of management with respect to equipment of any kind 
may be classified as follows: 

(a) Selection and purchase, (b) Installation, (c) Use. (d) 
Repair, (e) Discarding. 

Good management has definite ways of performing these func- 
tions to do them most efficiently, and it also employs definite 
methods of recording the performance of these functions. 

96. Effect of the various factors on total efficiency. It is com- 
monly thought that equipment efficiency is based on operation or 
use only, which is quite wrong. For example, a machine not at 
all suited to the work might be purchased and operated. It might 
have a high operating efficiency based upon its total possible ca- 
pacity as compared to what it actually turned out, but its total 
efficiency would be low on account of its not being suited for the 
purpose. This is a case where improper selection reduces total 
efficiency. Again, an efficient tool may be inefficiently operated, 
with detriment to the total efficiency, or it ma^ be inefficiently 
repaired and lose time through shut-downs, which has the same 
effect. Another point which affects total efficiency of equipment 
is the use of a machine after it should be discarded, although its 
relative operating efficiency may still be high. It will be seen that 
every one of the five functions of management with respect to 
equipment affect its total efficiency and must be studied with re- 
spect to making the best use of each. 

97. Definition of total equipment-efficiency. It is hard to ar« 
rive at a definite means of figuring the actual total efficiency of 
any piece of equipment, for the reason that we rarely ever know 
positively what is ''best performance '' of any of the above func- 
tions, which would be necessary to arrive at a definite percentage, 
since efficiency may be said to consist broadly of: 

Actual Results 
Best ResuUT 

The standard for "best results'' is a constantly changing one. de- 
pending on progress and invention; for example, a machine which 
two years ago was the best possible selection for a given job might 
be far from the best at the present time. When equipment is 
selected, however, the future cannot be foreseen, therefore the com- 
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parison must be made at the time of selection, leaving the dis- 
carding function to take care of this feature. 

08. Maximum total efficiency of equipment is reached when the 
following requirements are satisfied : 

(a) The machine selected is the best one, at the time of selec- 
tion, for the given job. 

(b) It is purchased on the most favorable terms and at quickest 
delivery. (Quick delivery because we cannot make use of 
the best anv too soon.) 

(c) It is installed in the most suitable location, in the best manner, 
and in the least time. 

(d) Its continuous operation is as near to the maximum possible 
as can be had. 

Repairs are made with the least interruption to production, 
and in the most permanent or lasting manner. 

(e) It is discarded as soon as the comparison between first cost 
and increased production of an improved machine shows a 
good investment. 

Since these five conditions are never perfectly fulfilled, the to- 
tal efficiency of equipment never reaches loo per cent. It is prob- 
ably on the average nearer to 20 or 30 per cent. Strict adherence 
to these five principles will undoubtedly have the effect of raising 
it. 

09. The selection of equipment A machine that is to operate 
for 5 or 10 years is often selected in a few hours. An error in 
selection is made once, but its effects are repeated every day that 
the machine is used. Proper selection is therefore the most 
important function of management with respect to equipment. 
This is especially true of "direct" equipment, which performs labor 
directly upon the product. 

The first requisite of proper selection is a knowledge of the 
existing types of machines which are capable of doing the work. 
It is seldom that any one shop contains all of these types, or that 
any one shop executive is familiar with all of them through personal 
observation or handling. This is one of the functions of technical 
literature, both as regards subject matter and advertising pages. 
After a knowledge of the existing types and makes of machine is 
obtained, more specific information may be had by securing the 
catalogs pertaining to them. The general specifications contained 
in these catalogs will help to reduce the number of possible sdec- 
tions by a process of elimination. 

100. Proper selection is made easier if the intended use is 
thoroughly outlined. A great many machines are purchased with- 
out a clear idea of this, especially in shops where there is a large 
variety of work. Where the machine is to be restricted to a small 
variety or one operation the problem is much easier. Where there 
is considerable variety, certain leading pieces and operations can 
be selectwi and analyzed on the following lines: 

(a) Quantities to be handled. (Determining the choice of auto- 
matic or semi-automatic.) 

(b) Prevailing operations. (Determining the general type, chuck- 
^ ing or center.) 
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(c) Nature of cuts. (Determining weight of machine and power.) 
{d) Degree of finish. (Deterinining general accuracy and some- 
times type.) 

Some well-managed plants go a step farther in this respect, 
analyzing the speeds and feeds which will be best suited to the work 
involved and embodying them as part of the specifications, or 
selecting makes which approach the selected factors most nearly, 
other things being equal. (See Standardization of machine speeds, 
feeds, and tools, 177.) 

The nearer the machine approaches a ''one-operation" machine, 
the more nearly and definitely can its requirements be defined, and 
the more will it approach a special machine built to order. 

101. Having a definite idea of what is wanted, the next step is to 
tabulate the various possible selections with regard to important 
features, some of which are as follows: 

(a) Make. (General reputation sometimes is an important 
factor where more intimate knowledge is not to be had.) 

{b) Weight. (Not always indicating value, but the lightest 
machine of a number of similar type must show proof of 
durability.) 

{c) Operating conveniences. 

(d) Automatidty. (Degree of skill required to operate.) 
{e) Power. (A comparison of belt widths, gear ratios.) 
if) Speeds and feeds. (Uniform range.) 

(g) Ease of repair. 

(A) Safety. 

(0 Production guarantees on typical work. 

(J) Price. 

(k) Delivery. 

The steps indicated above will result in further elimination of 
makes undl there are only a few possible selections remaining. If 
the individual who is responsible for the selection is not familiar 
with these remaining macnines in their improved forms, it will pay 
him to make a point of seeing each one in operation before deciding. 
A trip for this purpose is a ^ood investment, since the absence of 
information on one small point may result in a poor choice and 
repeated losses. If it is possible, a machine operator should be 
questioned regarding the good and bad points, and information 
secured as to the amount of repairs found necessary. 

108. Analysis of Equipment: 

Primanr. (Performing labor directly on the product.) 

Machine tools. 

Punches, presses, forming machines. 

Steam hammers, forging machines. 

All other productive machinery. 
Secondary. (Assisting the primary in its action.) 



Direct- 
Eqaipincfit. 



Jigs, fixtures. 
Sr 



Jmall tools and appliances. 
Sopidementary. (racilitating hand labor.) 
Benches. 
Vises. 
Hand tools. 
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Indirect 
Equipment. 



Safety 
Equipment 



Power Producinc Equipment. 

Boilers, engines, condensers, heaters, economizers, com- 
pressors, feed pumps, ash and coal handling machinery. 

Power Transmission equipment. 

Motors and wiring, rope drive, transformers, line-shafts, 
pulleys and hangers, countershafts and jack-shafts, main, 
overhead and machine belts, compressed air lines. 

Handling and Transporting Eauipment , 

Industrial tracks, cars and locomotives, travelling and 
stationary cranes, hoists and chain blocks, wagons, shop 
trucks, portable racks, mechanical conveyors, elevators, 
chutes, racks, bins and shelves. 

Safety Appliances. 

Machine and belt guards, first-aid apparatus, warnings, 

fire pumps, sprinkler system, high-pressure maiha and 

hydrants, fire escapes, fire alarms, etc. 
Samtary Equipment. 

Closets, fountains, wash-room fittings, lockers, low-i>res- 

sure tank lines and pumps, drains and sewers. 
Registering Equipment. 

Time clocks and recorders, watchmen's clocks and stations, 

etc. 
Miscellaneous Equipment. 

Telephone lines, automatic calls, shop-office furniture, etc^ 



103. Purpose of equipment All items of equipment should be 
installed for the purpose of helping or doing away with hand or 
mental labor, or making it safer or more comfortable. An article 
which does not do one of these things is hardly worth putting into 
a plant. 

104. Indexing equipment information. The shop executive who 
b interested in selecting equipment will find it of advantage to main- 
tain sources of information for quick reference. These include 
catalogs, circulars, clippings from advertising pages, trade direc- 
tories and so on. New improvements in machines are usually 
described in full in the techmcal press and these articles are of use 
and should be filed. 

Catalogs, owing to their various sizes, are usually numbered 
and filed in book cases or on shelves arranged in order of page size, 
a cross-index being kept according to subject and referring to catalog 
number. Clippings may be filed in envelopes which are numbered 
and indexed in the same way. 

A useful form of information is that regarding the sizes of 
machines built by various manufacturers. For example, it is de- 
sired to buy a certain size machine and the question arises as to 
which makers build machines of that size. This necessitates search- 
ing through catalogs which are not always made with an idea of 
convenience in finding this information. A loose-leaf note book 
or card index arranged by machine type and size, referring to the 
makers of that particular machine saves a great deal of time. 

106. Determining if a machine is a good investment Since 
manufacturers of machinery are getting into the habit of making 
production guarantees on machines which they offer for sale, it 
becomes a matter of simple arithmetic to figure the probable re- 
turn on the money which is to be invested, or looking at it from 
another way, to figure how much can be spent for a given machine 
to keep within the expected return. 
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The following example illustrates the calculations made to de- 
termine if a new machine will be a good investment. The 
{>resent machine has a capacity of 10,000 pieces per year, at a total 
abor cost of $900. The proposed machine has a capacity of 
15,000 pieces per year at a labor cost of $1000. We assume a 
depreciation rate of 15 per cent., and we insist upon a similar 
return on our investment, as a minimum. How much may we 
expend for the new machine? 
The new machine will produce 5000 additional pieces per year. 

Sooo 
These cost on the old machine ^^- or g cents each. Therefore 

10,000 

were the operators on the two machines to be paid at the same rate, 

the saving due to the increased output would be 0.09 X 5000 or 

$450 per year. However, we will have to pay the operator of the 

new machine $100 more which will reduce this to $350. Dividhig 

this saving by the sum of the depreciation and the investment 

return rate, gives us 

-^^- — = $1166.66 

0.15 +0.15 

which represents the maximum amount we can pay for the machine. 

Notice that the cost of the old machine^ and its depredation 
rate, do not enter into the problem. It is simply a question as to 
whether the new machine can earn enough over Us depreciation to 
pay a minimum required return. 

The relative amount of power used by average machines is so 
much less than the cost of the man-power required that it does not 
pay to consider it except in cases of extremely heavy machines re- 
quiring hundreds of horse power, where it of course becomes an item. 

Tables showing the amounts which may be invested for various 
investment return rates and various depreciation rates will be found 
in paragraph (106). The same method of calculating may be 
applied to machinery that is built in the factory such as jigs, 
fixtures and special tools. 

107.^ The selection of non-productive equipn^ent. More diffi- 
culty is encountered in making a selection, or deciding upon the 
necessity of non-productive equipment, on account of not being 
able to ngure the probable investment return in an easy manner. A 
great portion of it is not used continuously, being supplementary to 
productive equipment, or used to assist the workers when occasion 
demands. The result is that the proportion of unnecessary equip- 
ment foimd in the average plant is higher in the non-productive 
class than in the productive. It is a hard matter to sell a man a 
tool for which he has no use, but every shop bears witness to the 
persuasiveness of the equipment salesman in the presence of non- 
productive equipment which is more ornamental than useful. 

Deciding whether or not a certain piece of equipment of this 
kind is necessary, is helped by turning to our statement of the 
purpose of equipment. It must replace or facilitate hand labor, 
or make it more agreeable and safer, before it can be said to be 
a good investment. 

As a typical illustration of the solution of a problem relat- 
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ing to DOn-pfodoctive eqinpment, take that of replacing a chain 
block by an electric hoist. The machine served is a boring machine 
operating on flyivheets which weigh approximately 500 pounds each, 
each of which consumes an average of 2 hours on the machine. 
WDl it pa^ to replace the slow hand-operated chain block by an 
electric hoist? The apparatus will not average over five lifts a 
day, 3 feet to a lift. During the year we will make 1500 
lifts, probably, and the total movement will amount to 9000 
feet. The average rate of lifting and lowering with the chain 
block we can assume is 2 feet per minute, and with the electric hoist, 
20 feet per minute. The time of the machine and operator together 
is valued at $1 per hour. The saving will be due to the more rapid 
action of the electric hoist, not from any difference in time in mak- 
ing the hitches which will be the same in the case of either hoist. 
The dectric hobt will cut the 75 hours we are now spending for 
raising and lowering, down to 7)i hours per annum. At |i per hour, 
this annual saving will be i67.5o. Its cost will be $250. The 
depreciation, at 15 per cent., will amount to $37.50. The net 
saving will be $30 per year, over and above depreciation, or a re- 
turn of 1 2 per cent. It would be a doubtful investment in thiscase, 
especially as the energy savings would not be important. But the 
restriction of the electric hoist .to a machine which can use it but 
such a short part of its available time is doing this piece of equipment 
an injustice. If it could be extended to serve three such machines, 
for example, there would be no question about its desirability. 

There is another solution for the single machine, however. Our 
chain block is undoubtedly suspended from a simple jib arrangement 
of beam construction. The whole thing, block and all could be 
easily duplicated for $100. Why not, therefore, rig up a dupli- 
cate hand hoist over this same machine, so that all the hobting and 
lowering could be done while the machine was in operation, thus 
saving the whole $75 instead of (67.50. The return in this case, 
with a 15 per cent, depreciation rate, would be 60 percent, on our 
money. This illustrates the method of dealing with proposed non- 
productive equipment improvements; first see how much un- 
necessary labor jrou can eliminate with the proposed device, and 
then see if there isn't something else which will save it alll 

In some cases it is impossible to figure or even approximate 
the return on new equipment. Take the case of the mstallation 
of a heating system. This comes under the classification of 

Providing comfort for the employees. It has an effect on profits, 
owever, as anyone with experience in a cold shop can testify. 
And in a case of this kind, it pays to make sure that the appara- 
tus is (]uite adequate for its work, for a few hundred dollars saved 
on initial cost is soon eaten up when producers are forced to keep 
their hands in their pockets, and incidentally in the company's 
pocket at the same time. 

108. The selection of minor equipment, tool steels* The se- 
lection of various small tools, such as reamers, drills, taps, and 
of tool steel, high-speed and otherwise, is a matter of great im- 
"►rtance, since it contributes directly to the efficiency or in- 
dency of the machine toob in which these articles are used. 
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Some plants adopt a poUcy of placing orders for this minor 
equipment in return for business favors or orders, considering it 
as a matter of small importance. This is poor management indeed. 
The best from point of service and cost is none too good for any 
factory whose profits depend upon the dailv use of these com- 
modities. While the principles applying to the purchase of direct 
equipment relate also to this class, the selection or standardiza- 
tion of minor equipment is usually made from tests and through the 
experience of use. 

In this connection it is good policy to insist on a report of every 
new thing that is tried out, and to take pains to have it tried 
out in enough departments to secure an unbiased report. Any 
article showing marked superiority can then be tested more fully 
and adopted as a standard if found desirable. 

The factorv manager is confronted almost daily with the rep- 
resentarive of some steel company, especially makers of high-speed 
steel, with the request that he try a sample piece and see now 
much better it is than anything that he has ever used. The in- 
discriminate trial of such samples is merely a waste of time, since 
if the one sample should secure better resiUts on the class of work 
tried, it is not an indication that it will be a better all-round steel 
to use, the determination of the best all-round steel being some- 
thing that requires extensive use, on all operations lasting over 
long periods, to determine. It is often a delicate matter to refuse 
to try out the proffered sample; at the same time the number of 
these that are offered make it quite a nuisance to say the least. 
This is avoided by standardizing a cutting steel which has proved 
to be best for a period of i year or 2 years, and then accepting 
samples for general comparison at the termination of this period. 
Thus if anything better has developed or been produced, it will be 
discovered and the necessity of frequently trying out samples is 
gracefully avoided. 

109. In standardizing tools such as reamers, which have a definite 
cutting size that is lost after a period of use, it is well to install 
a temporary system of records giving informarion as to the number 
of holes reamed with each tool. The results obtained are some- 
times surprising in the matter of tool cost per hole, especially 
on work which is held within strict limits. In one case the author 
fotmd that the tool cost per hole for finishing reamers was greater 
than the labor cost (piecework) of t£e complete hole, including 
drilling and reaming. 

When small equipment becomes standardized as the results of 
such tests, under no conditions should the purchases be made else- 
where without written orders from the management. Where there 
is a division of control between the purchasing and the factory 
management, considerable dodging of responsibilitv results from 
purchases which are made without the approval of the shop 
management. 

110. Building special machines versus buying. A plant is 
fundamentally in business to produce a given product and to sell 
it at a given profit. Floor space is assumed to be valuable for 
this purpose as the average plant is either up to capacity during 
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normal times, or rather behind it in good times. Therefore it 
will not pay to occupy floor space to mike something that can be 
bought for our cost plus our normal margin of profit, for we would 
be nothing ahead, and in addition would have spent considerable 
energy not included in the cost figures. The construction of any- 
thing outside of the regular line has a tendency to interrupt re- 
lated thinking and distract the attention of those who are looking 
after the product, unless the organization is especially provided 
with proper divisions for this purpose. 

In past jrears, nuiny plants could be found making even stand- 
ard small tools, such as taps, reamers, and dies. The installa- 
tion of cost-findijig methods into the tool department put a stop 
to this because it proved that better goods could be purchased 
for less money. And at the present date, the tendency is also 
toward having the special machinery, the more complicated jigs 
and special took, made to order by those who mi^e a business of 
doing it, for the double reason of saving time and effort and ob- 
taining a better article. The one drawback seems to be the 
question of prompt deliverv, although one who has had experience 
in getting ^)ecial work through the average tool department 
knows that this does not constitute such a strong argtmient against 
purchasing them. 

111. The purchase of eiiuqiment See (178-186) relating to 
purchasing methods in general. 

INSTALLATION AND REPAIR 

118. Tlie installation of equipment The factors entering into 
the installation of equipment after it is received are as follows: 

(a) Choice of localion. This has a large effect upon its future 
operating efficiency and must be made with care, consideration 
being given to the principles outlined in (142-150). The choice 
of location is something that should be made as soon as the machine 
is decided upon and ordered, so that there will be no delay for 
this purpose after he machine arrives. In case the location of 
the new machine necessitates the moving of other machines al- 
ready in place, this should be also accomplished prior to the ar- 
rival of the new machine and with as little interruption to work 
as possible. Planning applied to machine moving ^ects as great 
economies as it does elsewhere, the actual moving taking but 
little time. Foundations may be placed vrithout interrupting 
production, as may countershafts and other overhead works, and 
the actual moving done when the shop is closed. 

(6) Foundations must be proportionate to the machine and 
work involved. Numerous machines have their maximum ca- 
pacity reduced by lack of substantial foundations or support, es- 
pecially those located on upper floors which cannot l^ run at 
proper speed on account of the vibration that results. The foun- 
dations for new machines should be in place and ready for their 
arrival. 

(c) Drive. The drive should be planned, size of pulleys deter- 
mined and the pulleys secured, the main drive pulley mounted 
on the line shaft and the belting purchased prior to the arrival 
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of the machine. It is good practice to have machine countershafts 
shipped in advance of the machine so that still further prepara- 
tion may be made and everything be in readiness for placing the 
machine on its foundation and putting on the machine oelt. 

id) Inspection after installation. Inspection of the machine 
after installation should be a matter of routine. It should not 
only be for the purpose of checking up the machine itself for ac- 
curacy and completeness, but should check up the work of instal- 
lation, see that belts are properly adjusted and that the driving 
power is ample, note that the highest speed may be used without 
vibration, and such points. This work is under the supervision of 
the master mechanic, who should instruct the operator at that time 
about proper care of the machine, oiling and the like, if the makers 
have not sent a demonstrator, in which case these instructions may 
be left to him. 

113. Installation records. A record of the cost of installation 
should be made#for each tool, preferably on a form which also re- 
cords the cost of the complete machine and other details regarding 
it. Such a form is illustrated in Fig. 27, being the one used by 
the Cleveland Automatic Machine Co. for that purpose. 
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Pic. 27* — Form of card for plant account. 

114. The use of productiye equipment This is inseparably con- 
nected with production, both as to principles involved and records, 
and will be found described under Production Methods. 

115. The repair of equipment. The repair of equipment, and 
especially of the productive machinery, is an important matter. 
A madune of this type has a certain maximum earning capacity 
which is never attained, first, because it is never operated at per- 
fect efficiency, and second, because it does not operate full time. 
While we cannot insure against the occasional absence of the 
operator in all cases, we can make certain that repairs are executed 
promptly and properly and that earning capacity wiU be handi- 
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capped as little as possible through shut-downs arising from this 
factor. 

If a machine b idle 3 days out of a possible 300, it loses i per 
cent, of its earning power. If it is idle a week, it loses 2 per cent. 
Three days a year per machine for repairs, and 3 da^ for ab- 
sence of operator is probably a better score than is obtained in the 
average shop, but it means that 2 cents are taken out of the possible 
dollar before it gets started. Why not make the repairs on the 
days when we are forced to shut the machine down due to the ab- 
sence of its operator, thus saving i of the 2 cents? 

Machine member repsurs, exclusive of breakdowns which occur 
suddenly from improper handling, can be anticipated. Compara- 
tively few repairs originate from a sudden accident, the maiority 
of them being the culmination of gradual wear, or continued mis- 
adjustment. All of these are preventable. If machinery is kept 
. in what may be called a good condition of repair, the majority of 
such shut-downs will be eliminated. And whenever possible, 
machine overhauling should be done on those days when the 
machine is shut down through lack of an operator. Then the 
repair costs nothing, aside from the actual labor and materiid^put 
into it, whereas in other cases it charges double rates in addition 
to stealing some of the profits. 

The attainment of a good condition of machine f repair ne- 
cessitates that the organization be provided with a proper unit 
with the authority and responsibility of looking after it. The 
department foreman as a rule has his hands too full to do more 
than notify the tool room that a tool is out of commission, and 
cannot apply the anticipation which will prevent the shut-down. 

116. ChrGSiic breakdowns. In some cases, machines are found 
with parts too weak for the work they are called upon to do. They 
get what may be called the " chronic breakdown " habit. When the 
same break occurs three times in succession it is useless and ex- 
travagant to replace the parts without change. It may cost 10 
times as much to design and provide stronger parts, and it will 
be a whole lot more trouble than to slip in such standard parts as 
we have on hand, but it will be a step toward the proper control of 
equipment, which is to regard each machine as an employee 
wnose salary we must pay whether he works or not, and to take steps 
to get oiur money's worth out of him. A tickler system as described 
in (118) may be made to serve for calling attention to such cases. 

117. Facilitatiiig the filling of repair orders by a sketch of the 
port. Repair orders for parts of machines that are not marked with 
a standard number, or for old machines, or in all cases where con- 
fusion in filling the order may result, are helped by sending a sketch 
of the part showing the principal features and dimenMons. The 
time taKen to do this is well spent in avoiding delays or unnecessary 
correspondence afterward. A carbon copy of the pencil sketch 
which is used in such cases should be preserved until the order is 
correctly filled. 

118. A tidder system applied to machine repair. A useful form 
is shown in Fig. 28. This is used to remind those responsible for 
the repair condition of equipment of the date when inspection should 
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be made to determine its condition. After each' such inspection, 
the necessary work is done, orders being made out for what is re- 
quired, and the card held in an active rack until the repair is com- 
pleted. It is then placed in the tickler case under a future date 
when the next inspection is to be made. The repair boss, or master 
mechanic, by going through his tickler dail^ can thus lay out the 
day's work eaaly, as far as inspection routine is concerned. The 
nature of the repair made is indicated on the card. This illustra- 
tion also shows a case in which the same break occurred thrise 
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Pig. aS.— a repair ticket used in machine inspection. 

times, after which the part was replaced with one made of stronger 
material to avoid repetition of this trouble. The same system 
may be extended to keep track of detailed rq>a]r costs on each piece 
of equipment, however in this case it is desirable to use a di£ferent 
system of filing, as it would not be easy to locate a given machine 
in a tickler file. The repair file is most convenientlv arranged by 
dq>artment and machine number. It serves a useful purpose in 
comparing two di£ferent makes of machines for ability to withstand 
hard service, although this comparison must be made with judg- 
ment aside from the facts, since one operator is often considerably 
harder on a machine than another. 

119. The inspection of equipment The maintenance of the effi- 
ciency of equipment, both direct and indirect, is of such impor- 
tance that definite responsibility must be assigned to fully cover all 
clsMs of it*, Hiis may be done under one head, or the responsi- 
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(tortina and iliDttina doim, unuiual sbut-dowiu *nd their reuoni. ovtftime 

Supotementiiig thil for the ourpose of checking efficiency of operation: 
(t) Recordinfl taae record a iteun preunre. (See Pig. 31.) 
W Rec ■ ■ ■ 
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Fic. 31.^ — Recording g&ge record. I 

laS. Power truumlaBlon eqiupment reports. I 

fl) Record of belti. 

(i) Record o( oil (nd greue consumption on overhead work*. | 

133. WanHiing and truisportatloii recc^da. 

(fr) Recivd of the movements of ^op tnicki bod of idle trucko. 

IM. Safety appliances. 

Inspection report! as to fire Bppuatiu: weekly, in connection with snteril 
report concerning ihop deonlincis. condition of mter barrels, fire hoM. 

ISS. Sanltaiy equipment 

ra> ^«^. report u to gcnn&l condition of clesnliness. 

136. Systems of csrbig for belts. A large part of the work of 
getting the most out of a machine consists in providing it wilh 
sufficient power. On belt-driven machines, the belt is often, and 10 
factaJmostaJwaya, the limiting feature. If thisii not in proper cod- 
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didon, espedall^ regarding tension, slip will result, power will be 
lacking to obtain maximum results and in addition the belts will 
wear out quickly. A belt of any size and length is an expensive 
item, and is worth caring for systematically. In many plants, the 
proper tension for each belt is determined, and secured by frequent 
adjustment upon a belt tension bench. This is a device which per- 
mits the tension to be measured before the belt is put in place, and 
determines the proper length to secure this tension. The center 
distance and size of pulleprs is known. Adjusting the machine for 
these conditions, the oelt is stretched, an idler pulley on a weighted 
lever arm bearing against it and furnishinf^ the necessary tension. 
The exact length of belt which will give this tension when in place 
can thus be determined. 

1517. bidividual belt records are of value in keeping track of their 
malnteiuuice cost, and indirectly in calling attention to overloaded 
ones as indicated by the frequency of repairs. Records of this 
kind are usuaUy in card form as shown in Fig. 33. 

12s. A systeniAtic inspection of belts will prevent much loss of 
productive time. As a rule, all belts should be overhauled every 
6 months, and those which are subject to heavy loads much more 
frequently, say once a month. Belts which run on step pulleys 
and are frequently shifted tend to stretch faster than oUiers and 
must be looked after at least once a week. There should also 
be a regular routine in the matter of oiling and dressing belts, 
which quite properly may be done in connection with the shop oiling 
routine. 

12t9. Making new belts out of old ones. Rather remarkable 
results are obtained by those who are in the business of renovat- 
ing and building up old belts. The author has purposely sent bdts 
wlach apparently were far beyond any possible further use, and has 
been surprised to see the serviceable material which was returned. 
Wide belts are reduced to narrower ones, by cutting out the bad 
spots. Double belts are split and made into single belts. The 
cleaning and building up is done in such a way that the appearance 
of the belt is like new, and the wear obtained from it is a good per- 
centage of that obtainable from a new belt. In proportion to the 
cost of this service, which is slight, the extra length of life probably 
costs much less per time unit than in the case o! a new belt. It is 
certainly economy to save every piece of belt, however worthless 
it may seem, and when enough has accimulated, send it to be reno- 
vated. This applies to leather belts only, canvas and rubber not 
presenting the possibility of renewal. The percentage of belt re- 
claimed varies with the condition of the old belts sent for renewing, 
but probably averages 60 per cent, in weight. 

ISO. Discarding equipment. In discarding equipment, the 
same considerations enter into the question that were discussed 
under the purchase of new equipment. But there is another one of 
which we are reminded by the many old machines which have been 
transformed by minor changes into specialized ones, and are doing 
Doble duty far beyond their normal expectation of Ufe. In cases 
of this kind, where the old machine is practically worthless, those 
parts of it which may be used can be regarded as costing nothing. 
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Many ingenious, time savers have been constructed to perform a 
single operation by using the old beds and driving mechanisms and 
adding special attachments and fixtures. Often the multi-step cone 
is replaced by a single wide face pulley to give adequate power, and 
the teed mechanisms strengthened by replacing belts or cast-iron 
gears with wider faced gears of steel. Only one speed and feed are 
usually required on a machine of this type, and in addition to sim- 
plicity, this construction insures that the machine will be operated 
at the proper speed and feed. 

131. Machine and line shaft oiling. The lar^e amount of 
damage which may result from lack of proper attention to a single 
bearing in the matter of lubrication makes it necessary, especially 
in the machine shop, to place the responsibility for oihng the 
machines as well as tne overhead shafts and idle puUejrs on some 
particular individuals. It is bad practice to leave machine olUng 
to the operators, especially where a machine is used in common by a 
number of mechanics, as for example, shears, punches, brakes, used 
in metal working, and drilling machines used by various assemblers. 
It is human nature for one man to leave the oiling to another, or to 
assume that the man who ran the machine before him tended to it. 
An oiler should make rounds twice a day, and thoroughly oil such 
machines. Since oil holes are usually not prominent, and are likely 
to be overlooked, especially by a new oiler, it is a good scheme to 
make them more noticeable by painting red or yellow circles around 
them. 

The policy of some concerns is to use grease cups wherever grease 
lubrication will serve, on account of the fact that it does not recjuire 
such frequent attention as oil. This is a point well worth consider- 
ing, not only from a question of lubrication value, but of time re- 
quired to tend to it. 

Overhead bearings connected with line and jack-shafts should be 
self oiling, to reduce the amount of attention required. However, 
they must not be overlooked altogether, as a seized bearing is likely 
to cost as much in loss of production through a whole department as 
the wages of the oiler for a month or two. The oiler should have a 
regular schedule of duties, some daily, some weekly, and some 
monthly, the locations and routes which he is to travel being speci- 
fied for each day, so that self-oiling bearings will be tended to at 
sufficiently dose intervals. 

To compare the lubricating values of different grades of oil, the 
friction load of the various line-shafts should be determined . Where 
electric drive is used this is an easy matter, requiring simply volt- 
meter and ammeter readings for direct current, and wattmeter 
readings for alternating. When a new grade of oil is tested, after 
it has been in use long enough to become thoroughly distributed, an 
inspection of the amount of friction load as compared with that 
found when using the regular oil will be a fair test of the lubricating 
value as a power reducer. In addition, to compare length of service, 
it is a good plan to have records of the oil consumption per bearing 
per unit of time such as the week or month. 

For central oil systems, see (249). 

For methods of issuing oil, see (246). 
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MACHINE NUMBERINO 

182. Machine-tool numbering. Numbers or symbols are applied 
to machine tools for the same reason that they are applied to prod- 
uct parts, namely, for brevity and ease of indexing. Some means 
must be had of indentifying each tool with shop records; its name, 
size and other characteristics must also be quickly available from 
the number or symbol. An im^rtant consideration is that of re- 
covery for loss by fire, and this must be k^t in mind when a 
numbering system is devised, so that there will be no difficulty in 
identifying the loss. 

Among the various forms and records that entail machine-tool 
numbers are the following: Appraisal, Time cards, Route cards. 
Dispatching forms, Move tickets, Inspection cards, Repair tickler 
cards. Machine repair costs, Machine repair orders, Purchase 
ledger records. The more complete the shop system involved, the 
more numbering of machine tools becomes a matter of prime im- 
portance, and the more frequently these numbers are used. Since 
numbering often is done before much attempt has been made at 
system in other respects, it should be done in such a way as to 
accommodate any improvements in shop methods which may follow, 
without the necessity of revising the entire numbering scheme, 
which entails considerable work and confusion. 

188. Connecting machine nnmbers wi^ the purchase invoice. 
One of the most important things connected witn numbering ma- 
chine tools is to defi- 
nitely connect the num- 
ber with the purchase 
invoice, or with the 
record in the purchase 
ledger which itemizes 
the date of purchase, 
name of dealer, type of 
machine and price. 
When this is done, the 
manufacturer is fairly 
well protected against 
loss through fire, pro- 
viding that he carries 
sufficient insurance for this purpose; for he will have no trouble 
making a proof of loss even without an appraisal. A common 
trouble is the loss of identity of a tool where this is not done, 
especially when several of the same size and type of machines 
have been purchased at various times, and the personnel of the 
shop has changed since their installation. 

To make sure of this connection, the machine number should 
start or originate with the purchase ledger entry, and also be entered 
upon the invoice itself. And in addition to the number given the 
tool by the purchaser, the manufacturer's number should also be 
entered as an additional precaution. 
134. Cross-indexing of machine numbers. The method of 
fi-indexing machine-tool numbers varies with the system of 
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Fig. 33. — Card record of machine numbers. 
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numbering employed, and will be described imder the headings 
relating to vanous systems. Regardless of what method is used, 
the following information should be available. Knowing the type, 
name and size; the number of the machine. Knowing the number; 
the type, name and size. And, for price anddealer'sname and simi- 
lar information; knowing 
the machine number, the 
corresponding purchase 
ledger entry-number. 

18S* Mnemonic machine- 
tool numbering. Under 
this plan, various class sjon- 
bols are combined with ca- 
pacity or size symbols or 
figures into a composite 
term or total symbol which 
may represent the depart- 
ment, location in depart- 
ment, kind or type of 
machine, capacity, and the 




Pig. 34. — Cross index of equipment. 



like. As in other applications of the mnemonic system, the aim 
is to make the symbol suggest its meaning as mudi as possible so 
that shop men can quickly become familiar with the symbols and 
use them in shop language instead of the common names of the 
articles symbolized. 

Thus, AMB-42 might represent the 42-inch boring machine in 
department A. If there were two of these, the symbol would have 
to be extended to AMB-42a, AMB~42b. When we get into these 
refinements, sjrmbols become rather complicated, and it is a ques- 
tion if the plain numerical designation is not simpler in the long 
run. 

One advantage of the mnemonic system is the ease of indexing, and 
the comparatively few cross-references needed, since the composite 
symbol when dissected into its key-components is self-explanatory. 
For example, the first letter might always represent the department, 
the second letter Would be a key to the kind of machine, the third 
to its size. The reference index is, therefore, simply a key chart 
explaining the meaning of the various class sjrmbols. 

Departments 
A ■• Heavy machine. 
B ■■ Light machine. 
C - Gallery No. i. 
D « Gallery No. a. 



Machines 
P - Planer. 
L ■" Lathe. 
T - Turret lathe. 
B ■" Vertical boring 

machine. 
HB ■" Horixontal boring 

machine. 



Capacities 

Planers denoted by nu- 
merals representing dis- 
tance between housings 
and travel. 

Lathes represented by 
swing over ways and 
center distance. 



A few sheets of key letters, or class svmbols, such as represented 
above, will furnish the clue to any number of combination symbols. 

Id6« Straight numeral numbering. Using this plan, numbers are 
applied consecutively as the machines are purchased and installed, 
regardless of location, type of machine or other considerations. 
The disadvantage of the system is that the numbers furnish no 
clue to the location of the machine or its type. The advantage is 
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that this plan of numbering will never outgrow itself no matter how 
large the plant becomes. Cross-reference is necessary to furnish 
the information which the mnemonic system is designed to provide 
in the symbol. (See forms in Figs. 33 and 34.) 

137. Numbering by departments may be done by providing 
consecutive department numbers for each department, starting 
with I in each case, as in straight numeral numbering. A modifica- 
tion of this is to provide the machine number with a prefix repre- 
senting the department, as A-i, A-2, A-3; B-i, B-2, B-3. This plan 
is better, since it prevents having two or more similarly ntunbered 
machines in the same plant. The advantage of this plan over the 
straight numeral system is that it is never outgrown. The dis- 
advantage lies in the transfer of machines from one department to 
another requiring a re-numbering of the machine and alteration of 
the records. The same system of indexes serves for this as for the 
above. 

138. Another scheme of numbering by departments is by die 
group number system. Each department is assigned a set of num- 
bers, sufficient to cover future needs, space being allowed between 
groups to take care of new purchases. For example, department i 
has the numbers from i to 200, although possibly but 20 or 30 ma- 
chines are installed. Department 2 is assigned the numbers from 
201 to 400. The disadvantage of this system is that it is almost 
invariably outgrown. The advantage is that the number gives 
the department key. 

139. Numbering by type of machine. This is similar in plan, 
advantages and disadvantages to the system of numbering by de- 
partments, consisting of assigning group numbers to the various 
t^es of machines, such as planers, lathes, drilling machines. Some- 
times the department letter is prefixed or added, in which case the 
only unknown quantity is the size of the machine, and the system 
approaches the mnemonic. 

140. Methods of putting numbers on the machines. Stenciled 
numbers at least 2 inches high should be applied to the machines; 
either white or yellow paint being used for this purpose, so that the 
number is clearly visible from a distance. These numbers should 
be placed in corresponding positions on various types of tools; for 
example, on the housings of planers, on the legs or cabinets of lathes. 
Such symbols need frequent attention to keep them visible, be- 
coming obscured through dirt, grease, etc., and sometimes inten- 
tionally. 

In addition to the above a more permanent numbering plan is 
advisable. For this purpose the numbers do not need to be so 
large, H or H inch high being sufficient. Brass stamped plates can 
be bought with a series of consecutive numbers for this purpose, or 
the manufacturer can make his own number plates by using a large 
size pattern-letter embossing machine for this purp>ose and using 
brass tape instead of aluminum. When these embossed letters 
are used, to prevent the number becoming damaged by hammer 
blows it is advisable to fill the hollow spaces of the letters in the 
reverse side of the plate with solder before the plates are riveted to 
♦'^e machines. 
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141. Inspection of machine numbers. The condition of stenciled 
and permanent machine numbers should be made a part of equip- 
ment inspection. 

MACHUVE LOCATION AND ARRANGEMENT 

142. Machine location. The arrangement of machine tools and 
equipment within the plant to obtain the highest degree of efficiency 
is a difficult problem. It involves as much considerations as the 
general plan of manufacture, the scheme of transportation, stock 
and stores facilities, supervision, lighting, and dnvie. The effect 
of proper or improper location on general efficiency and cost of 
product it hard to estimate in dollars and cents, but there is no 

auestion that it is a large amount, possibly in some cases making the 
ifference between profit and loss. 

The extent to which machine location is governed by the actual 
steps in the process of finishing the product parts depends upon the 
class of work involved. A one-product shop is usuaUy built around 
the p>aths of the product, all factors being designed to facilitate its 
movement. In a case of this kind, machine location is not as diffi- 
cult as in the case of a plant having a considerable variety of work, 
since there are not as many factors entering into the question in the 
former case. 

143. The first step in planning machine location in a new shop is 
to decide upon the general plan of manufacture. This is embraced 
in one of the following classifications: Concentration of product; 
concentration of machines; concentration of processes requiring 
similar degrees of accuracy; unit or group concentration; general 
or jobbing shop plan. 

All of these plans may exist in one plant, but for a given section 
of any plant a definite plan may be chosen which will make the loca- 
tion of the equipment^ an easier problem, since certain principles 
may be followed to this end in each case. 

144. Concentration of product Particularly adapted to the one- 

?roduct shop or department, or where the variety is not great, 
'he essential feature of this plan is the grouping of various machines 
which must perform work on the product parts in such manner 
that the course of the work will be an easy uniform flow in as nearly 
a straight-Une path as possible, and with as little back tracking as 
can be had. Transportation is the big consideration. The 
machines are therefore located chiefly with regard to the sequence 
of operations, more or less complicated drives being quite allowable 
to secure this feature. It is more difficult to take care of growth 
under this plan, owing to the fact that the entire equipment, which 
is balanced as much as possible with respect to production demands, 
is compressed into the least space consistent with ease of movement, 
and that an increase in production demands, as a rule, leaves no 
alternative other than overtime or a complete rearrangement. To 
a slight extent this condition may be met by leaving spaces along- 
side of those machines which experience shows will be the soonest to 
come up to capacity, but after this step is taken, and the business 
still increases, the same condition exists. Plants operating on 
"mass production" or large quantities in the lots going through 
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benefit most from the use of this plan. The first step is to analyze 
the operationa required in great detail and use the restalts in ar- 
raneing machines. Where a new department is planned to handle 
work that is already routed, the route cards are valuable for this 
purpose. Fig. 35 shows a layout according to this plan dedgiied 
for a specific unit assembly, in this case a rotary pump such as is 
used as a circulating auxiliary pump. One size of this la built, and 
the arrangeinent is such as to fadhtate the iiandling and cause the 
least retracing o[ paths. 

145. ConcentrBtloii of machinea. Under this plan similar 
machines are grouped together in departments. Planers, millers, 
lathes, grinders, would be arranged without reference to the travel 
of the produc^ but with respect to ease of supervision and concen- 
tration of equipment. Where operating standards are worked out 



FiC. 36. — "Head and tail" planer UTBagement. 
in detail and the varieties of work and quantities are both large, 
this plan of manufacture works economies through ease of control. 
Spnnalized skill may be applied to the over^ght of machines of a 
suoilar t;^ in groups whicn would not be posdble where Che variety 
of machines in one department is large. Accessory equipment 
becomes less of a total investment, espedally if the tool holders 
and spindle nose threads are standardized. Similar sizes and makes 
of machines are located together as much as possible for the same 
purpose. 

Transportation is a minor feature with this plan, except between 
departments. Arrangement of stock rooms for handling the parts 
is an important item. The main consideration, however, is ease of 
machine operation and control. 

L. P. Afford describes the methods of locating machines on the 
"one-shop" or concentration of machines plan in the American 
Machinist, vol. 30, p. 3, the plant described being that of the 
Uiuted Shoe Machinery Co. In all departments, tools are set far 
enough away from walls and windows to allow easy passage around 
them. No benches are placed against walb, cross bendies bdng 
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ipven the preference. A main dde S feet wide in the clear is msjo- 
ttuned in each depsTtment, with cross aisles between blocks of 
DVicIiiDes. Each workman and machine is provided with a work- 



table, and the location of these is con^deied when the machine 
layout is made. 

Figs. 36 to 43 show topical machine group arrangements at this 
plant, clearance dimensions bdng given. 



m~ m &- — 

Pic. 3B-— Minimum rlenTHnce [or engine Uthcs. 

It is noticed that many of the machines are arranged "head and 
tail" for double operation by one man. Another feature is the 
ngement of milters which has been found to work out admirably, 
tear cutters are arranged on the same plan. 
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lis. Coocentntioa for acctmcT. In aorne plants there k a 

great di&eience in the degree of accuracy required not only between 
diifeient machines built, but different integral parts of the same 
machine. It is a difficult thing to maintain a double standard of 
accuracy in one department. In one case the product will be too 
accurate but expensive, in another not accurate enough. Therefore 



Fig. 30. — AnmDgemenl of large upright drilling machines. 

machines are sometimes arranged with tht end in view of separating 
the cruder from the finer work. 

M7. Unit, or group concentration. A modificatioD in which 
certain classes of parts are bandied in grouped sub^epartments 
whose construction is according to concentration xit machines but 



the groups themselves being arranged more or less on lines of con- 
centration of product. Tills plan is much older than the modem 
names applied to describe it, in many shops it is the natural arrange- 
ment resulting from numerous shifts to suit the work handled. 
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148. Ano&er modification of die group plan on opposite lines is 
that where unit assemblies ate machined and (^instructed in grouped 
departments according to coacentiation of product as far as the 
complete unit is concenied, after which, or aside from which other 

Elant arrangements are in use. This also dates back conuderably 
Eyond the term "unit assembly," it being a natural plan to segie- 



gate ^milar constructions as evideuced by the "air-brake" and other 
dmilar departments in rulroad shops, generally designated by the 
name of the unit worked upon. 



149. Genenl or jobbing ahop plan. The location of machine 
tools for a general jobbing shop presents more difficulties than any 
of the other plans oE manufacture, »nce there are less available 

definite points on which to base the arrangement. Also the variety 
of work handled is usually so great and the nature of the operations 
and routes so diverse that an arrangement which will be best for 
one part will usually be as correspondingly bad for another. The 
only thing to do in this case ia to strike an average nhich will present 
the most points of advantage and the least disadvantages. Points 
to be considered are: (a) Theleast back trackingof heavypartsin 
their course through the shop. This neces^tates locating the first 
operation heavy machines, such as planers and boring mills as near 
thje foundry door as possible. 

(b) Concentration of thelightmachinesingroupsasfaraapossible, 
under the plan of concentration of machines, for ease of control 
and interchangeability of equipment. 

(c} Plenty of department storage space for targe castings, unless 
separate storage departments are provided, so that work in process 
and delayed may not require additional handling. 
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(4) Truck space available for the storage of smaller parts in proc- 
ess upon trucks, so that they will not have to be rehandled. The 
moving of the trucks themselves is much less of an item than the 
loading and unloading. 

(f ) Aisles which permit of truck passage, double truck clearance 
being allowed on main aisles. 

(/) Arrangement of machines lor simplicity of drive, and lighting. 

The plan 2iown.in Fig. 44 represents a layout for a small jobbing 
shop. 

ikO. Gfaphical mediods of localiiig marliinfau The ^eral 
method employed in locating and rearranging machines within a 
given space is illustrated in Fig. 45. An outline drawing is pre- 
pared to scale, showing the space in question, location of posts. 




Pig. 45. — Graphical method of locating machine tools. 

windows and other important structural features. The various 
machines are laid out on paper, to the same scale, the overall lengths 
and widths being shown, care being taken that full traverse of tables 
is accounted for. These are then cut out, and may be arranged and 
rearranged as often as desirable, until the best solution is found. 
To keep track of different arrangements, a good plan is to make the 
machine cut-outs on darker shade paper, and then photograph the 
whole. Common pins or thumb tacks are used to hold the &ps in 
position upon the drawing. 

A plan of this size for convenience requires to be carried out on 
a comparatively large scale, anything less than H inch to the foot 
being too small for convenient handling. After the machines are 
located to best advantage as far as the principles looked for are 
concerned, the matter of drive may be gone into and planned. It 
is a good plan to remember that the more that belt pull on the line 
shaft is equalized by placing equal amount of tension on both sides, 
*Ve less will be the line friction, which as a rule is quite a large per- 
age of the total load. This is a minor consideration, but should 
ept in mind to make the most of it where possible. 
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POWER REQUIRSD BT VARIOUS TOOLS 
16L Power required by various machine tools. 

Power Values for Machine Tools in Groups 



Kind 


Sise 


Observed 

horse 

power. 

maximum 


Observed 

horse 
. power, 
average 


Remarks 


BoRxNG Macrinbs: 

Ballard, single bead 

Ballard, double bead 

Cam Cuttbbs: 

Brainard 


36 in. 
43 in. 

No. s 
No. 4 
No. 5 


0.78 
x.7a 


0.5a 
X.08 

0.67 
0.3a 
0.3a 
0.3a 
0.50 

o.xa 
o.X4~o.x8 
o.ao^o.aa 

0.7a 
x.xa 
0.31 

0.3a 
0.35 

0.48 
0.71 
o.as 

0.3s 
0.4a 
0.59 
0.47 
o.aa 

o.as 
0.30 
0.45 
0.S3 
0.63 
0.83 

o.is-0.32 
o.ao 
o.ao 

0.3a 

0.S3 

0.80 
0.40 
0.50 
0.60 
0.76 
0.97 

O.4X-O.82 




RnLinflnl 


0.48 
0.48 




Bfminard 








Lathe type, double head. 








CUTTING-OFF MaCHXNBS: 

Hurlbttt-Rosers 


l»M« in. 
a in. 
3 in. 

No. 

No. I 
Sensitive 
single-spindle 
a-spindle 
Sensitive 
3-spindle 
A-spindle 
6-Bpindle 

x6 in. 

18 in. 

ao in. 

aa in. 

ad in. 

ao in. 

a8 in. 

30 in. 

34 in. 

36 m. 

46 in. 

50 in. 

No. 4Vi 
No. 3 
No. 3 

No. 3 

No. 4 

No. XX 
No. a 
No. 3 
No. I 
No. a 






Hurlbttt^Rogers 


0.a8 
0.34 




Hurlbat-Rosera 




DuLxixcG MAcmNss: 
PrenticA Bros, radial 




Prentice Bros, radial 

Woodward ft Rosen.. . . . 


3.X8 




Dwight-elate 






Woodward ft Rosers 




Woodward ft Rocers 






Woodward ft Rocers. . . . 






Pre&tice uorisht 






Prentice uprisht 






Prentice uprisht 






Prentice upright 

Blaiadell upneht 










Blaiadell upriaht 






Blaiadell xiprTRM. , , 






Blikisdell ttprifiht. 












Blaiadell nnnffht 






Blaiadell upright 






Blaiadell um^flrbt 






Gbak Cuttxbs: 
Brainard 






Gould ft Bberhardt 






3it>wn & Sharpe 






Grindbbs: 
Brown ft Sharpe cutter 

and reamer gnnder. 
C. IL Besly ft Co. 

Gardner grinder. 
Brown ft Snarpe plain. . . 
Brmrn ft Sharoe surface- 






. 1.4a 








Brown ft Sharpe surface. 
Brown ft Sharpe universal 
Brown ft Sharpe universal 
Diamond wet tool irrtnder 














3.a9 


Carryinff 


T^1a«i<1 a Panlcnn^r wet 




one ao- 

in. wheel 

Carrying 


grinder. 






two 24- 
in. wheels 
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Power Values for Machine Tools in Groups. — Continued 



Kiad 



Site 



Observed 
hone 
power, 

nuudmnm 



Observed 

horse 

power, 

average 



Remarks 



Drop Hamxbrs: 

Blondell 

Pratt ft Whitney 

Pratt ft Whitney 

Pratt ft Whitney 

Pratt ft Whitney 

Pratt ft Whitney 

Billinos ft Spencer 

PowKR Hammxrs: 

Bradley 

Bradley 

KsysBATBR: 

BflJcer Bros 

Lathes: 

Reed boring lathe 

Reed boring lathe 

Reed engine lathe 

Reed lathe 

Prentice 

Reed 

Blaisdell 

Blaisdell 

Reed..* 

Reed 

Blaisdell 

Prentice 

Draper 

Reed speed lathe 

Reed speed lathe 

Putnam sqttaring-up lath 

Gisholt turret lathe. . . . . . 

Potter ft Johnston semi- 
automatic. 

Jones ft Lamson flat 
turret. 

Wood turning lathe 

Wood turning lathe 

Wood turning lathe (Put- 

Millers: 

Brainard 

Brainard 

Brainard 

Brainard 

Brainard 

Brainard 

Brainard 

Brainard 

Becker vertical 

Becker vertical 

Becker-Brainard 

Brown ft Sharpc 

Btown ft Sharpe 

Brown ft Sharjie 

Reed 

Pratt ft Whitney hand. . . 



40 lb. 

250 lb. 

400 lb. 

600 lb. 

800 lb. 
xooo lb. 
1500 lb. 

xoo lb. 
ISO lb. 

No. 4 

20 in. 
30 in. 
12 in. 
14 in. 
16 in. 
16 in. 
x8 in. 
20 in. 
22 in. 
24 in. 
24 in. 
28 in. 
38 in. 
xoin. 

14 in. 

15 in. 
SizeH 

No. X 

2X24 in. 

14 in. 
x6 in. 
36 in. 



No. 
No. 
No. 
No. 
No. 
No. 
No. 
^'o. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 



X 

3 

1" 

7 
14 
X5 

3 

5 

3 

I 

2 

5 

7 



0.64 



0.48 



0.37 



X.63 
1.97 



X.50 



0.47 
0.64 



o.io 
2.00 
2.50 
300 
3 so 
4- 00 
5.00 

1.50 
1. 75 

0.28-0.32 

0.35 
0.41 
0.2A 
0.26 

0.34 
0.36 

0.39 

0.44 
0.32 
0.25 
0.31 
0.31 

0.S8 
O.IO 
0.X2 
0.2s 
0.70 
0.33-0. 03 

X.20-X.80 

0.31 
0.36 
X.30 



0.30 
0.26 

0. IfM>-29 

0.13-0. 19 
0.26 
0.83 

0.25 
0.25 
0.26 

O.S5 
0.17-0.25 
0.15 
0.25 
0.30 
0.83 
o. 20 
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Power Values for Machine Tools in GTOups.'—CofKluded 



Kind 



Size 



Observed 
horse 
power, 

maximum 



Observed 
horse 
power, 

average 



Remarks 



Planbrs: 

Whttcomb 

Whttcomb 

Putnam 

Putnam 

Putnam 

Putnam 

Putnam 

Powell 

Pond 

Wood panel planer 

Wood surface 

PousHiNG Stands: 

Brown ft SharjM 

Diamond 

Punch Prbssbs: 

BUsB 

Propxung Machines: 

Garvin 

Pratt ft Whitney 

Band Saw: 

Pay* Co 

CiBCxn.AV Saws: 

Kimball Bros 

Whitney 

White 

Hack Saw: 

ScRBW Machines: 

Brown ft Sharpe auto- 
matic. 

Pratt ft Whitney auto- 
matic. 

Pratt ft Whitney 

Pratt ft Whitney 

Brown ft Sharpe auto- 
matic. 

Pratt ft Whitney auto- 
matic. 

Pratt ft Whitney 

Brown ft Sharx)e 

Qeveland 

Cleveland 

Cleveland 

Pratt ft Whitney hand. . . 

Pratt ft Whitney hand. . . 

Pratt ft Whitney hand. . . 
Shapbils: 

Loc^e ft Davis 

Hendey 

Hendey 

Hendey 

Tapping Machinb: 

Pratt ft Whitney 



2± ii 
a6 ii 



17 m. 
aa in.X 5 
aa in.X 
in.X 

n.X 
30 in. X 
30 in.X 
36 in.Xxo 
50 in.X 9 

34 in. 

24 in. 



ft 
ft. 
It 
ft. 
ft, 



8 ft 
ft. 
ft. 



No. 3 
No. s 

No. 3 

No. I 
No. 6 

36-in. wheels 



9-in. blade 

9-in. blade 

13-tn. blade 

la in.-X4 in. 

No. I 

No. a 

No. a 
No. 3 
No. 3 

No. 3-0 

No. 3-B 
No. 00 
% in. 
a in. 
2H' in. 
No. a 
No. a H 
No. 3 

14 jn. 
ao in. 
a4 in. 
aS-in. 

No. a 



a. 01 
a. 34 

1.44 



I, 

4 
5 

4 

a. 

7 



5Q 
91 
46 
00 

94 
75 



3.40 



a. 59 



3.00 



3.77 
3-75 
5.8a 



X.04 
X.04 



1.04 



00-0 . 43 

16-0.53 
0.70 
0.84 
81 

31 
S6 
60 

14 
70 
00 



o. 

X. 
X. 
X. 

I. 

3. 

a. 



1. 00 
1. 19 

i.a6 

0.50 
0.40 

0.87 



X.05 
x.04 
x.ax 

0.06 

0.60 

0.37 

0.7a 
0.80 
0.80 

0.90 



o. 
0. 
0. 
0. 
o. 
o. 
o. 
o. 



90 

36 

40 

87 

90 

43 
47 
50 



0.35 

o.so 
5a-o.70 
Sa-0.70 

o.io 



Used for 

pattern 

work. 
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Sizes of Motors for Engine Lafhes 



Swing in 
inches 


Horse power for 
light duty 


Horse power for 
medium duty 


Horse power for 
heavy duty 


18-30 
22-24 
27-30 
36-48 


2 
3 
3 

!>. 

7W 


3 
5 

S 

7^ 
10 
10 


S 

10 

XS 
20 





Sizes of Motors for Planers 


Sise in 
inches 


Horse i)ower for 
medium duty 


Horse power for 
heavy duty 


34 X 24 

10 X 1Q 




S 
7H 

10 


7W 


36 X 36 

A2 X 42 




2S 


48 X 48 
56 X 56 


IS 
IS 




30 



Sizes of Motors for Shapers 



Sise in inches 


Horse pown- 


X4-20 

34 
36 


3 
S 



Sizes of Motors for Crank Slotters 



Sise in inches 


Horse i>ower. light duty 


Horse power, 
medium duty 


zo 
10-16 

30 

26—30 


3 

5 

IS 


10 







Sizes of Motors for Millers 



Table feed 
in inches 


Cross feed 
in inches 


Vertical feed 
in inches 


Horse power for 
medium duty 


24 
30 
36 
SO 


8 
10 

12 

12 


x8 
18 
20 
20 


3 

5-7^^ 
7W-10 
xo-is 



Sizes of Motors for Vertical Millers 



Table diameter in inches 


Spindle diameter in inches 


Horse power 


28 

32 
40 

54 
70 


4 
4 

5 
6 


10 

IS 
20 
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Sixe in inches 


Horse power 


Friction 

IS 
20-26 

28-34 
40-so 


H 
W 
I 

2 
3 



Sizes of Motors for Radial Drilling Machines 



Length of arm in feet 


* 

Horse power 


4 

5 

6 

xo 


3 
5 

5 

7W 



Sizes of Motors for Vertical Boring Machines 



Sixe in inches 


Horse power 


24-30 

36-42 

60-90 

xoo 

Feet 


10 

IS 


xo 


20 


12 


20 


\t 


as 
30 



Sizes of Motors for Cylindrical Grinders 



Size in inches 


Horse power for 
medium duty 


Horse ixjwer for 
heavy duty 


10 X SO 


5 


7W 


xo X 7a 


5 


7H 


xoX 96 


5 


7H 


xo X xao 


5 


7^6 


X4 X 7a 
x8 X 96 


xo 


12 


10 


xs 


x8 X lao 


10 


IS 


x8 X XA4 
x8 X x68 


xo 


15 


10 


IS 



Sizes of Motors for Cold Saws 



Diameter of saw 
in inches 


Thickness of saw in 
inches 


Horse power 


X2 


Ha 


2 


IS 


H2 


2 


18 


51 • 


3 


20 


Ms 


3 


34 

3a 


Ms 
Me 


S 


36 


M« 


10 



90 
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As an indication of the possibilities of power saving in this re- 
spect, the following by L. P. Alford in the American Machinist 
will be of interest. 

Percentage of friction load to total load 44. 6 

Percentage friction load of prime mover to total load 3.7 

Percentage main shafts and main belts to total load 3.x 

Percentage distributing shafts and machine tool countershafts and belts 37.8 



TS^iiO 



OBL442 



ei.TBS 




Pig. 46.-~Graphical method of laying out transplantation routes. 

A comparison of the sides A and B indicates that traffic is much more dense 
on the latter side. Better distribution will be had if machines z, 2, 3 and 
4 are placed on side A and 10, xz, za and Z3 are brought to side B. This 
same method of analysis is particularly effective in solving interdepart- 
ment or building transportation problems. Figures representing relative 
transportation values or "transportation factors" are obtained from the 
route cards of theprincipal product parts, infrequently manufactured parts 
being omitted. The cards representing the "principal paths " are segregated, 
the sales statistics for the parts and the weight of parts obtained. The 
product of quantities multiplied bv weights gives the weight factor, and 
indicates the amount of traffic The product of the above multiplied by 
length of path gives a "weight-distance factor" which bears close relation 
to the cost of transsMrtation. 



Example: 
Route 15 
Parts 
2Ba 
2B6 
NM14 



Quantities 
2000 
3440 
xaa4 



Weighto 
14 

60 



Density of traffic on Route 15. 
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Weight factor 
28,000 
430,000 
73.400 

S3 1.400 



152. Tool-room productioii gjrstema. The tool department is 
often thought of as a thing apart from the ordinary condition? of 
routine and system applied to the direct or producing departments 
and not to be hampered by ordinary restrictions on account of a 
possible injury to the quality of the work produced. Common sense 
can be applied here, however, to the benefit of the quality of the 
work as well as its cost. The following comparison illustrates 
some points of difference between an inefficient and an efficient 
tool production system. 
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iMfflcient Tool-room System Bfldoit Tool-room System. 

No standards. Adoption of standard parts where- 

ever possible, and complete tabula- 
^ tiona of standards. 

Tools designed by the foreman. Tools designed by an expert tool- 

designer after careful study. 
Ctnde drawings leaving practically Well executed drawings containing 
all detail to the tool-maker. all necessary information as to con- 

struction, dimensions and degree of 
accuracy. 
V Verbal orders. Written production orders. 

No serial or tool numbers. Serial numbers for each job. con- 

tained on the production order. 
Congestion and confusion of work. Carefully planned work. 

No costs obtained on individual Accurate costs on each serial 
tools, or at best inaccurate ones. number. 

Everything done in the tool room. Standard bushings, screws and 
even to making screws. Bushings ' small parts made in large quantities 
and small parts made one at a time in the productive departments, on 
as required. screw machines or automatics. 

Each jig and tool bmlt complete by Division of labor in the tool room 
one man who handles it from start to according to the degree of skill re- 
finishj lays out, runs the variptis quired. One man for laying out and 
machine tools, does the hardening, locating; individual operators for the 
afsembles, tests. department tools; assemblers and 

fitters who ax:e s]>eciali8ts; one man in 
charge of the hardening; a man who 
makes the oi>eratin^ tests. 
No inspection. * Tool maker's word Complete inspection with a record 
taken for results until complaints are of results. 
are made by users of tools. 

Results: Perhaps a good tool, ResuUs: A first-class tool at a low 
certainly a costly one. cost. 

163. Niimt>er]iig of minor equipment Jigs and tools are some- 
times numbered imder the mnemonic system. When this is the 
practice the symbol usually becomes quite complicated. It seems 
as if the mnemonic, system were an unnecessary refinement as ap- 
plied to such equipment, since the symbols are not left to memory 
but are always placed on the instruction cards. When this is the 
case, a plain nimiber is just as convenient although possibly not as 
impressive. 

A combination of the mnemonic and the plain serial system of 
numbering is sometimes used. Thus a prefix letter such as J^^F, or 
r. would indicate whether the article described was a jig, fixture 
or tool. The serial number would follow it. 

The numbers stamped upon tools and jigs should be sufficiently 
large and should preferably be stamped in two places so that if one 
becomes disfigured the identity of the tool is not lost. Letters and 
figures H inch high should be the minimum, except on very small 
tools and jigs where there is not room for them. 

Final inspection of tools and jigs should include making sure 
that they are properly numbered. 

The numbering of minor equipment also includes the subject of 
numbers for benches, vises, cupboards, worktables, tool racks and 
the like. In almost all cases these are numbered serially. Book 
records are kept of the numbers containing description of the appara- 
tus, sometimes with prices attached. In fact every piece of equip- 
ment within the plant should have a number, exclusive of the stand- 
ard small tools. 
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164. Tool records. Tool records are necessary to prevent loss of 
tools. There are several kinds of records kept, varying with the 
kind of tools used. The purchase ledger entries for small tools such 
as driUs, taps, reamers and dies, will be sufficient for this class, in com- 
bination with the tool checks that are used to control their issue. 

Special tools are numbered^ as are also jigs and fixtures, and some- 
times the more expensive standard tools such as large size inserted- 

tooth cutters are numbered also. In 
cases of this kind a book record of num- 
bers is necessary, each number being 
followed by a description of the tool and 
its uses, if purchased or made, and some- 
times its cost. 

Card records of tools which are issued 
in sets are also kept, as shown in Fig. 
47. Card records are also used to in- 
form the drafting department and the 
tool designer of the available tools so 
that unnecessary or odd sizes and de- 
signs mav be eliminated. 

165. Tool inventory. Since the major 
part of the contents of the tool room is 
recorded in permanent record form, the 
taking of an mventory is a simple matter 
in this department. The standard tool 
record may be used providing it is kept 
up-to-date and discanled tools are prop- 
erly noted. 

Unrecorded tools such as small standard 
tools must be inventoried, at least such 
as are in use. The reserve tool stock of 
this description being kept in locked 
cupboards m the original packages pre- 
sents no difficulty in this respect, ft is 
usual to recall all tools to the tool room 
and tool cribs just before inventory is 
taken. 

The inventory of tool steels presents the 
greatest difficulty on account of the 
many varieties in use. To make this 
matter more simple it is necessary to see that each tool issued is 
stamped with the make of steel composing it. The same thing ap- 
plies to marking steel bars in stock. Sometimes a color is selected 
to represent each brand and the .bars are striped with paint thdr 
entire length as soon as received. More permanent method con- 
sists of stamping the initials of the make every 6 inches on the l>ar. 
Inventory of tool steel is by weight, but the weights are propor- 
tional to the lengths for a given size, which gives an easier method 
of arriving at the value. A quantity of tool-steel bars may be 
measured without removing them from the rack providing the 
bars are flush at one end and measurements are made from a 
standard length at the other. 
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160. Tool costs. Individual tool costs are essential to properly 
control the operation of this department and also to find if it pays 
to build certain tools, or buy them. These costs need not be 
itemized to any great extent as regards operations or parts, as would 
be done on direct costs. A simple way is to carry total charges 
against the tool nimibers, no tool bdng built without a number. 
Space should be provided on the order for tools which also contains 
the tool number, for the purpose of noting the material that was 
used to arrive at a material cost. 

Iff7. Surplus tool stock. The surplus tool stock may well be 
kept in the stores deoartment, and requisitioned from there by the 
tool-room foreman when required. Tnis not only gives more room 
in the tool department but provides an additional check upon tool 
consumption. This applies particularly to purchased standard 
smaU tools. 

168. Jig and fixture storage. The methods of storing jigs and 
fixtures varies with the physical arrangement of the plant. Where 
the central tool room is easily accessible to all departments, they 
are often kept there, especially when good transportation delivers 
them with the required tools to the machine. 

Where tool cribs are used to reduce transportation, it is quite 
usual to employ department storage of the jigs and fixtures, since 
their weight makes transportation an important consideration. 
No matter where located the jig storage should be arranged to 
keep the jigs away from the floor and as free from dampness and 
dust as possible. Especial attention should be given to preventing 
dust from grinding wheels settling upon them. Direct responsibilUy 
for jigs in storage should be assigned to some one and it should be 
his duty to see that the finished parts such as bushings and locating 
points are prcq>erly protected a^nst rust by slushing with oil. 

109. Tool and jig inspection. To maintain the accuracy of the 
product it is necessary to insbt upon the proper inspection of cut* 
ting tools and also of jigs and fixtures. The former should be in- 
spected both upon their return and before being issued, the latter 
may be inspected at longer intervals. Direct responsibUity for the 
insfection of cutting tools makes it easy to place the blame if a tool 
b found cutting over or under size. No record is usually kept of 
the inspection of jigs and fixtures but it is sometimes the practice 
to make a note of the jig number and date of inspection and 
whether O. K. or requiring repairs. 

IOOl Grinding tools in the tool roonL versus in the shop. At 
present the question of the advisability of grinding all tools and issu- 
ing them from the tool department is a disputed one. The advisa- 
bility depends on shop conditions, nature of the skill employed, and 
so on. A temporary information system installed for the purpose 
of finding out how much time the producers and their machines lose 
on accotmt of grinchng tools may throw light on the question. In 
this connection, the use of machine hour rates is helpful, as it indi- 
cates how much each machine is worth per hour to the plant, in- 
cluding the operator's rate as well. 

If the tools are to be ground by the individual mechanics, proper 
wheels should be provided and kept in condition by frequent tnung 
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up. Wet wheels through carelessness or accident to the pumping 
apparatus are often allowed to run as dry wheels and ruin many 
tools before they start cutting. In addition to keeping the wheels 
in proper condition, they should be spaced at frequent intervals 
and so distributed through the shop that a minimum distance will 
have to be traversed by the operators in going from the machines 
to the wheels. Where duplicate wheels are provided and the wheel 
is within easy reach of the machine, it is not necessary to shut down 
the machine to grind, and therefore no time is lost under these con- 
ditions. Clearance angle gages are sometimesprovided at the wheels, 
so that the operators may approximate uniform angles, wluch is 
difficult to do without a gage. 

If the tools are to be ground in the tool department, or in tool 
cribs, and there is enough of them to grind, say to supply 40 or 50 
machine tools, it will be advisable to install a tool grinder which will 
reproduce any desired angle of cutting edges. It is unnecessary to * 
state that twist drills and roughing reamers should be ground only 
on drill grinders, as it is almost impossible as well as a waste of time 
to attempt to equalize the length of the cutting lips or their angles 
when grinding by hand. The grinding of tools in the tool depart- 
ment makes it necessary to first standardize the shapes, sizes and 
proportions of the cutting tools in use in the shop as otherwise their 
vanety would be so great as to make it impossible to handle them 
on a machine. • 

161. Operating a central tool grindfaig department The first 
and a necessary step toward operating a central tool grinding 
department consists in a standardization of the forms of cutting 
tools which are to be handled there. In the average shop there 
are almost as many shapes of tools as there are mechanics who use 
them, far too great a number of shapes to be taken care of in a cen- 
tral department. Lathe tools have been fairly well standardized, 
there is a lack of data on other tools, however, t A good flan is to 
select a committee to pass upon the forms which shall be adopted as 
standard, since the nature of the work will determine this -to some 
extent. Under this proceeding, the mechanic has opportunity to 
explain the necessity of certain shapes which he may have found 
to advantage for particular jobs, and which an arbitrary decision 
as to standards would eliminate, possibly to the consequent loss of 
profits. See also 177. 

It will be found that certain tools will have to remain special, 
and for use on certain machines only. ' A compromise may be 
effected by allowing them to remain at the machine, considering 
them as special equipment, just as machine attachments woidd 
be considered. 

Assuming that a certain number of shapes and sizes have been 
selected as standard, it is necessary to provide a sufficient supply of 
each so that there will be no dela3rs on account of lack of groimd 
tools ahead. The number will depend upon the probable use of 
the tool and the number of machines using the same type. It is better 
to have too many than not enough, since they will be well cared for 
under this scheme. The length of time that a tool will last without 
regrinding should not be taken as over z hour. Where con^der- 
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able roughing is done on hard cast iron with scale, this will have to 
be reduced. 

The next step is to arrange a system of symbols or numbers by 
which the tools may be known. If a mnemonic system is contem- 
plated, the symbol should comprise elements relating to the size and 
shape of tool, and for what machine. Thus, ly^RLC, might serve 
to indicate a i>4-in. standard round-nose lathe tool, ground for cast 
iron. Whatever system of designating them is employed, a key 
or chart should be provided for the use of the mechanics and 
especially of new men who are not familiar with the symbols; 
unless instruction cards are in full use which give the symbols of 
the tools to be used. 

A checking system must be employed in connection with the tool 
issue. The tool-check system which is in force may usually be 
adapted to this. However, it is advisable to have the operator 
provided with reserve supply, so that production will not be retarded 
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Fig. 48. — Arrangement of a central tool grinding department. 

when a tool becomes dull. There would be nothing gained, and 
considerable lost for example if one tool was issued and returned 
at a time. The rule should be enforced, however, that dull tools 
must be returned promptly in order that the grinder operator may 
not be handicapped by his stock running low and a large quantity 
of dull tools held out. Tool boys are properly used for this service. 

Racks are provided in the tool department for ground tools. 
Bins are provided for the dull tools, the operator being able to judge 
by the relative amount of sharp and dull tools when it becomes nec- 
essary to grind a particular type. When tool ^nders are used, as 
they almost invanably are with central tool-gnnding departments, 
the angles to which the machine is to be set for a given tool is con- 
veniently marked upon the bin containing it. 

Where the shop is not large enough to keep one man going on 
lathe, planer or boring machine tools, a combination may be effected 
by hiring a man who is also able to operate a universal grinder, and 
keep him busy at odd times in connection with the milling cutters 



Machine 3 Ms 

Part 4B 

Operation.. .Drill, ream and tap 
Blue-print.. . 406-45 

Tool List 

— H-in. g.s.h.B. drill 
— Magic chuck 3 shank 
— 3 to 4 adapting bushing 
—1^9 flat twist drill 
— I H machine reamer 
— H h.s. driU 
— H u.8.8. R.H. tap. 
Tools must be returned in the same 
tote box that they are issued in. 
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or productive grinding jobs when these are not available. A lay- 
out of a typical grinding department organized on these lines is 
indicated in Fig. 48. In this case the operator of the grinders also 
takes charge ofissuing and checking sudi tools as are given out in 
his particular line. 

182. Tool cribs. The issuing of tools from the tool room or 
tool-making department is quite common in small shops, where 
these two functions are combined, often with no physical separation 

between those engaged in 
making and repairmg tools, 
and the Buppljr of small 
tools. There is quite a 
temptation involved in this, 
and it requires taking a big 
chance as to the honesty cS 
every employee who has 
access to the department. 
A separation of the tool sup- 
ply and stock from the tool 
room is highly desirable, 

and the cost of Uie necessary 

Pig. 40. — A tooUist covering a set of partition which is usually 
tools for a drill press operation. made of heavy wire screen- 

ing is a small premiimi to 
pay for insurance against loss. Under these conditions the tool 
tender can be made responsible for the material tmder his charge, 
and it is possible to haVe a close check on its consumption. 

When a shop comprises several departments, or consists of several 
floors, it becomes quite a loss to have the mechanics take the time 
to go to the tool room after tools. Compromises are then effected, 
sometimes by having tool boys who come in response to annunciator 
signals, get the check and the tool order, and secure the tool and 
ddiver it. ^ Another scheme is to provide supplementary tool cribs 
in the various departments, containing those tools whidi are most 
commonly used. This usually necessitates a tool-crib tender for 
each crib, and to make this a paying proposition the department 
served must be of fairly large size, for example it would be question- 
able to provide a crib and tender for less than 25 men, as the bell 
S3rstem and tool messengers would be much cheaper. Occasionally, 
however, the crib is tended by the foreman, being in the nature of 
a locked cupboard to which he has the key. This is a compromise 
for small departments which are remote from the tool room which 
has worked to advantage. 

168. The necessily of a department tool crib may be ascertained 
by keeping a recorci of the tool calls from that department and 
the proper toob to be carried may be found in the same manner. 
Observations as to the total number of daily calls will also show 
the saving possible by the use of messengers. An average of 5 
minutes per man per call is not too great to allow for interruption 
of productive work while the mechanic is away from his machine, 
164. Issuing tools in sets. Where tooling lists are available and 
a part of the regular system, being spedfied on the order or set-up 
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Old, it is attai convenient to issue all of the toob required for a 
given job in a set. The daboratenesa of the sets involved varies 
tmm a wooden block with holes which contain tap-drills and taps 
' - I given a'-- 




metbods 
great 

ieoce in quantity 
manufacture, but 
would be rather 
expensive to ap- 
ply to a jobbing 
shop, nnce a 
standard tool list 
would be in^Mi- 
able to deter< 
mine. Fordupli- 

ture, however, 
the set for a given 
operation may 
be kept together, 
inspected eveiy 
time it is re- 
turned, the cut- 
ting tools 
ground, and the 



nude ready for 
issue again. 

165. Hediod 
ti PK7I1W tool 
bojB BncT met- 
seugers. Tool 
boys are usually 
recruited from 
the tanks of ap- 
prentices who 




o learn their trade, the first 3 to 

lanner to give them a [amiliarity 
While this is DO doubt 
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good for the bo3rs it does not necessarily mean the best service for 
the plant, since the ranks are continually changing, and by the time 
a boy has got to be of value he is taken away from this job and put 
on a machine. A better plan for good service is to hire boys for 
this particular service. Sometimes they are paid on a piecework 
basis, so much per call or errand. This scheme has worked out 
to advantage as it makes them anxious to get the calls instead of to 
avoid them as is sometimes the case. It is quite exceptional to 
see a tool boy give any evidence of hurry, and when they are seen to 
actually run under the influence of piecework, its value is iq>parent. 
There are disadvantages, as most of the boys are on the lookout 
for short trips and watch the annunciator with this purpose in 
view, but this can be remedied by insuring that they take turns. 

186. Other work for tool boys and messengers. In one plant it 
was observed that when the tool boys had any time upon their 
hands they woidd take out their jack knives and begin to carve the 
bench provided for them. An idle boy is generally in mischief or 
else planning it, and to avoid such idle periods and give them a 
chance to make extra money they were provided with hammer, nails 
and cut lumber of proper size to make standard crates. In this 
way idle moments were turned into industrious ones to the general 
satisfaction of the boys and the company. 

167. Tool checks and their use. The most common tool check 
used is the embossed or engraved brass check with a number on it, 
usually corresponding to the employees check number. A certain 
number of these are issued to each man who will require tools from 
the tool crib. This number is quite generally lo, but for certain 
machines more may be allowed. The employee is responsible for 
these checks and must return them to get his final pay when he 
quits. 

168. In using the single-check system, with the brass tool checks, 
one is presented for each tool drawn out. The tool keeper hangs 
the check, which is provided with a hole for that purpose, upon a 
hook at the location of the iool drawn, and identifying it. Under 
this scheme, it is possible to tell which employees have certain 
tools, but it is hard to tell what tools each employee has out unless 
a complete search of all checks on the hooks is made. 

169. To enable the information to be had, the "doubU'Ckeck" 
tool system is used. Under this system, two checks are presented 
at the tool crib window instead of one for each article drawn. The 
checks are usually of cardboard instead of metal. One of them is 
hung on the tool hook in the usual way, the other which contains 
a note of the tool drawn is filed against the man's number. In this 
way a glance will be sufficient to tell just what tools each man has 
in use, and matters are much facilitated in straightening up checks 
when an employee quits. 

The B. F. Stearns Co. emplojrs a double-check tool system some- 
what along these lines, described by Paul Campbell in the Ameti- 
can Machinist, vol. 40, p. 887. The rules for securing tools given 
below are reprinted from that article, also the description 01 the 
way in which this system operates and the cost of maintaining it. 

*<This cabinet contains 10 drawers, each divided in the center, 
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each half in turn being divided into lo triangular-shaped slots or 
pockets. These pockets constitute an individual till, and are 
labeled with the workman's clock number. This system has the 
distinct advantage of showing the exact state of the account ot any 
man with the tool crib, and, the checks being made out in the hand- 
writing of the man using the tools, all argument as to whether a 
man luis a given tool is eliminated. 



NOTICE 
How TO Secube Tools 

l8T Read Youb Time Card, Tool List op Blue- 
print. Then You Will Know — 

« 

2nd What to Ask for, for Your Job. 

3bd Write Tool Check with Your Number and 
Tool Desired on Both Halves of the 
Check. 

4th Bemeuber You Are Besponsible for the 
Tools on Your Checks. Do Not Lend Your 
Tools, But Return Them at Once When 
thruoh Usino. 

5th This Is a Place for Business. Patience and 
Courtesy Are Required and Will Be Ex- 
acted ON Both Side op This Window. Vio- 
lation of This Rule Will Not Be Tol- 
erated. 
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FxG» 51. — Double tool checks and working instructions. 

" Upon the return of the tool drawn out, both halves of the check 
e returned to the workman, who is required to destroy them. It 
IS at first thought that some men might seek to secure tools b}' 
rging the writing of another man. No trouble from this source 
^ b^n experienced, as the tool crib tenders are familiar with the 



100 



MACHINE SHOP MANAGEMENT 



numbers of all the men, and their first action is to compare the 
ntmiber of the check with the man presenting it. 

"In the i8 months of use of this check system, the cost for a 
shop of 600 men has averaged $3.80 per month, the checks being 

furnished at a cost 
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Fig. 



52. — Blank and filled double tool checks. 



of $1.38 per 1000." 
See Figs. 51, 52 
and 53. 

170. The double- 
check tool-fooin 
syBtem employed 
by the Westing- 
house Electric and 
Manufacturing 
Co. is thus de- 
scribed by L. P. 
Alford in the 
American Machin- 
ist, vol. 30, p. 325. 
The key of their 
method lies in the 
fact that every 
tool, or group of 
associated tools, 
has an individual 
brass check, corresponding in size and shape with the workman's 
check. The illustration, Fig. 53, shows a workman's check for 
No. 7321, and a tool check for a iHe-inch snap gage. All tools 
of a general character, as drills, reamers, arbors, gages, etc., are 
provided with a 
check similar to the 
one shown, which 
bears a legend, stat- 
ing the size and kind 
of the tool. Special 

f'igs, fixtures and the 
ike, are numbered 
in consecutive order, 
and the correspond- 
ing tool checks bear 
this number. A 
careful catalog 
record is kept of all 
these tools. Asso- 
ciated groups of 
tools, as perhaps a 
milling fixture, its 
set blocks, cutters. 
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Pig. 53. — Westinghouse double check system. 



and so on, are put in a box and given a list number which applies 
to the lot. Thus there is an individual brass check for each tool, 
or group of tools, as the case may be. In use the workman pre* 
sents one of his own checks when taking a tool from the tool room* 
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This check is placed on the board, cabinet, or drawer from which 
the tool has been removed. The tool check corresponding with the 
tool which has been taken, and which has been hanging on a hook 
in front of the box, drawer or compartment, is hung on a workman's 
check board on a hook numbered to correspond with the workman's 
number. When double checks are used sometimes one set is round 
and the other square for convenience in distinguishing them. 

171. Tools not issaed on checks. It is customary for the com- 
pany to provide certain tools such as oil cans, chisels, handles, 
scrapers and brushes to each employee requiring them for his work. 
These are usually piven out when the man begins work at the time 
that he receives his tool crib checks. To insure that they are re- 
turned before quitting, it is customary in most plants to have a form 




I HAVC. THIS DATE RECEIVED THE FOLLOWING TOOLS CHECKED AND 

AGREE TO RETURN SAME WHEN LEAVING THE EMPLOY OF THE 

MINNEAPOLIS STEEL ft MACHINERY COMPANY 
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Pig. 54. — Record of tools, etc., not issued on checks. 

on which these items are recorded. This is kept on file in the tool 
room. The pay clerk is instructed that final pay is not to be made 
until this slip is returned signed by the tool-room foreman or tool 
ke^er stating that the articles have been returned. 

172. Keepkg track of flies and laHie tools. Files form such a 
large item of expense that it is good practice to require an order 
signed by the foreman before one is exchanged or a new one issued. 
The number and kinds of files issued to a new employee should be 
recorded on the tool charge slip mentioned in (171). Some firms have 
a standard assortment of files which are given to each bench or 
machine hand requiring them, and which are kept in portable 
wooden racks on top of the benches to be accessible for inspection. 
The chief objection to this seems to be the habit of '^ borrowing 
without asking," whereby an unscrupulous employee would re- 

Clenish his stock at the expense of another. A better plan would 
e to make the portable file case of such size as to admit it into the 
drawer or cupboard, or to provide it with a lock cover operated by 
the same key as the drawer. 

178. List of 'Hools not issued on checks.'' The nature of the 
tools which are provided mechanics varies according; to the class 
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of work that they do, also according to the policy of the concern. 
For example, some shops provide monkey wrenches, others consider 
them as a part of the workman's kit. The following may be taken 
as a fairly representative list for machine hands and assemblers: 



Machine hands 

rlftminer 
Monkey wrench 
Soft hammer 
Oil can 
Bench brush 
Chiaela— flat 

center 
Pile handles 
PiUst varying with the 

I>olicy of the shop and 

nature of work 



Center punch. 



Assemblers 

Hammer 
Monkey wrench 
Soft hammer 
Oil can 
Bench brush 
Chisels—flat 

cape 

round 
oil Kaining 
Plat and half round scrapers 
Pile handles 

Piles, varying with nature of work 
Hack-saw frame 
Screw drivers 
Center punch. 



174. Lathe and other cttttbg tools, especially of high-speed steel, 
amount to more than would be thought. Several tons of this ma- 
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Pig. 55. — Store order showing use of conductor's punch. 

ait lying around under benches and in machine cabinets in 
(e shop. It is good practice to issue these tools on the tool 
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charge slip and require a foreman's order (or a new one, u with 
files. It IS also good policy to caU in all cutting tools from the sh<^ 

at frequEnt peiiodi. Tlus does not apply when the plant is using 
a central tool grinding department and has standardized tools, in 
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Fiq. S9- — Type* ol lump* luited to various cdlin« height*. 

I case they are issued on tool checks the same as drills or 

In a large department, the foreman is called upon at frequent 
intervals to stop and sign orders for tools and materials. Often 
he has to write quite a few words to describe what is wanted as well 
as to ^gn his name or initials. This labor on his part is practically 
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eliminated if he is provided with a printed form, shown in Fig. 55, 
and a conductor's punch. Items of ordinary use are specified on 
this form and the punch mark replaces the signature as well as 
indicating what is wanted. 

175. Shop iUumination with Yarious hd^^ts of ceiling. The 
following illustration from the American Machinist illustrates the 
various types of lamps which are adapted for illuminating shops of 
various ceding heights. The maintenance of the efficiency of any 
shop-lighting system depends to a large extent upon the amount of 
care given to the 
cleanliness of reflec- 
tors and globes, 
and so on. Tests 
have repeatedly 
shown that lamps 
and reflectors but 
ordinarily dirty lose 
as much as 50 per 
cent, of illuminating 
eiffidency, in other 
words increasing the 
lighting bill 50 per 
cent, per unit of 
light ddivered. See 

Fig. 59- _ 

176. Preventing 
mistakes in drill 

eizes. The Cleveland Automatic Machine Co., Cleveland, Ohio, 
has a good system in the tool room to prevent mistakes in putting 
away and giving out drills to any of the men. 

As can be seen from Fig. 60, this consists of the usual tool-room 
storage bin for small driUs. Each number plate, however, carries 
a hardened steel bushing of the proper diameter in addition to 
having the size stamped on it. 










I 



Pig. 60.— Gaging device for drills at the bins. 



STANDARDIZATION OF MACHINES AND TOOLS 

177. Standardization of machine speeds and feeds, machine 
parts and catting tools. Carl G. Barth is the foremost exponent of 
standardization of machine speeds and feeds. On the following 
pages we present some interesting examples in the respeeding of 
machine tools made under his supervision and also logarithmic 
diagrams which show the ideal senes and how closely it has been 
approached. 

Standardized lathe tools have been fully covered by Frederick 
G. Taylor in his ''Art of Cutting Metals,'' and data are also obtain- 
able on this subject from the Wm. Sellers Co., and the Tabor 
Manufacturing Co., of Philadelphia. A number of standardized 
"^>edal" tools, used in the government shops at the Watertown 
Arsenal and covering a wide field, are presented. The tools shown 
represent the work of Mr. Barth in this field. (See Figs. 61 to 92.) 
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FiQ. 63. — Modified >p«ed) >od torqae 
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PURCHASE METHODS 

178. Where tiie purchase requisitioii origiiiAtes. Purchaang is 
done for the shop, and the necessity of various purchases arises in 
the shop, to a large extent. Many plants conform to this fact in 
the matter of issuing requisitions. The stock-keeper, for example, 
would be the logical man to issue requisitions for material which is 
kept in his department. The superintendent would be the logical 
man to order new tools or equipment. The shop order derk, who 
translates the customer's order into form for shop use, would be the 
logical man to order motors, or other foreign material which is to 
accompany tlie order. The chief engineer, or some one in his <le- 
partment, would be the proper one to requisition construction 
details which have to be purchased, and which are not on a standard 
list, such as special ball bearings, and material which is bought to 
special specification. The production clerk is the man to order 
purchases called for on a standard list but which are not carried in 
stock. The idea of this subdivision in ordering is to put it up to the 
man best qualified to do it, so that f ulf information may be put on 
the requisition, and costly delays and mistakes avoided. 

One difficulty in having so many sources of requisitions lies in the 
possible shifting of responsibility. This may be avoided onlv by 
defining the duties of each one distinctly, as shown in the graphical 
chart. Fig. 93. 

179. Fonns of requisitioiis. These vary from a plain sheet of 
paper or letter head addressed to the dealer and stating what is 
wanted to special requisition books which would be probably used 
in connection with a complete purchasing, receiving and inspecting 
system. In this. case a form as shown in Fig. 94 could be used. It 
is necessary to have an original and five copies, all of which would 
be duplicates of the original except for color of paper, which would 
be different for each copy to distinguish them readily. These sheets 
would be perforated so as to be easily detached, and each series of 
original and copies would contain the same serial niunber printed 
upon them for identification. 

180. Requisitioiis should be made with spaces for: Name and 
address of consignee. Name and address of consignee (other than 
the purchaser). Date of order. Method of shipment. Terms. 
Marking. 

181. fiow reauisitioiis and copies are handled. One copy should 
be retained by tne maker of the requisition as evidence of the proper 
ordering of the material. The original is sent to the customer, 
unless conditions make it advisable to rewrite the order before 
sending it. In this case it is well to have the formal requisition 
letter-size and t3rpewritten. One copy of this is retained for identi- 
fication purposes and used in connection with the smaller requisition 
forms originating in the shop. 

Requisitions for materials are checked off on the bill of material, 
if the purchase is for a specific order number. If for stock, this is 
impossible. 

The purchase derk may make use of copies of the requisition for 
cross-filing, to keep track and follow up purchases. One set for 
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example would be filed by serial number, for quick identification 
through correspondence and for information asked by the origina- 
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Hq. 93. — Graphical outline of dutira in connection with jmrchasing. 

lots of the order who find it more convenient to designate the order 
)y the number. Another set of copies is filed under the names of the 
x>nsigtton or dealers, arranged alphabetically; another set by com- 
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modity, ananged alphabetically. Still another set is sometimes 
used in a tickler file, being arranged according to date called for. 
Several degrees of ticklers may be used, representing the degree of 
urgency. For example, tickler No. i contains orders which are 
not due; tickler No. 2 may contain those which are due but not 
delaving orders or work in the shop, while a third tickler may be 
used for urgently wanted jobs that are holding up shipments. The 
orders are transferred from one to the other as the state of urgency 
changes. 



PURCHA5E ORDER HoJ§Mf 

Detroit Mich,£;^t-Qif 
To ySUiiMt JS Uitlnf^rtii^/i ^Jb r, 



Please enter our order for the followina, to be 
shipped via iC^fiL. I0 jiUe^ti^z. 

rt^arYtdijMjltjxnd billed to u& 



:v-,'- \^V SAccountrtefT-dl 



Date Vtontc2p«%c... H#-> ^^' mM^^ 
Terms _ thV smith-pierce co. 



PUKCHA5iH6 AfiCNT 



Pig. 94. — Purchase order form showing rubber stamp notations. 

182. Requisitioii system for the small shop. No matter what 
the size of the plant, the following are necessary features of a good 
purchasing system: 

(a) A purchase order. 

(b) Inspection and count of goods received before bill is O.K.*d 
for payment. 

(c) Information on the following points quickly available: Has 
the material been ordered, and from whom? What price was paid 
last time the goods were purchased? Have the goods been received , 
if so when? Has the bill been paid, and when? How much of 
this material has been bought in a given period? 

The small shop has the advantage over the larger one that there 
will be but few purchase orders active at any one time, therefore 
the method of fihng these active orders may be simplified and fewer 
copies required. In the small shop a letter head may be employed for 
the requisition, two copies being made from it. One of these is placed 
in the general files for safe-keeping, the other is used for active trac- 
ing, noting receipt, condition of goods, price and so on. If but one 
kind of commodity is ordered on an order, these forms will be well 
adapted to classification after the order is filled by filing them under 
any desired heading, for example, commodity and department used, 
in which case they will form a record of consumption of the material 
in question. If prices are marked upon these copies they will also 
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serve u a price indes in making purchases. This scheme would 
prove too cumbersome for the lai^ plant on account of the greater 
number of orders, but can be used to advantage by the small 
plant with great economy in the matter of records. Owing to the 
uniform sheet ^zea, data from bills wliich vary in ^ze and are not 
so eaaly filed should be transferred to this copy. 

In the small plant, one man may often perionn all the functions 
connected with purchasing, receiving, inspecting and so on. A 










nrstem which is adapted to needs of this kind is illustrated in 

US. K^edlting die fllUn^ of purchaM ordMS. Every manufac- 
turer knows, although he does not like to admit it, that during rush 
limes the customer who does the least kicking usually gets the 
slowest service. While this condition is an unfortunate one, it ex- 
ists and must be recognized. Therefore if we are to secure prompt 
sovice in the shipment of purchased orders,' they must be syate- 
matically followed up. A convenient way to record the results of 



144 



MACHINE SHOP MANAGEMENT 



Order KcVrwK\taqid_ZjifJff__ 
Or^lnol Promise of ShJpmcTTt_J^PQ{<y,_ 
Traced 



Promised 



J/zo/tf '^Ati 



9lj»/i4 



Jfu 



't^au^ 



^Jtli^ 



jjfao ii(fMA ftAhtpJ^JJiLftnuL i*Ui0^ 9»dt $fff 



Y/?//y 



such methods is to provide space on the back of the requisition 
for the date of writing and the promise of shipment received in 
return. Fig. 96 illustrates this. To save time in writing for the 
information, form postal-cards are often used, as shown in Fig. 97. 
All requisitions 
should specify 
the date when 
the material will 
be wanted, and 
request imme- 
diate notifica- 
tion with the 
acknowledg- 
ment of the 
order, if the 
date cannot be 
kept. Overdue 
orders should 
be kept in an 
active file or 
folder and fol- 
lowed up with 
varying degrees 



(fijuMnd 



^y 



Pic. 96.— 'Back of purchase order, showing delivery 
notations and follow up. 



of frequencv according to their urgency. A list of all purchase 
orders whidi are actually holding up shipments should be prepared 
every day and hand^ to the manager. Post cards, telegrams and 
telephone communication represent different degrecas of urgency, 
the latter being the most satisfactory means of taking the matter 

"higher up." 
The percentage 
of total delays 
occasioned by 
slow delivery of 
purchased ma- 
terials is a large 
one during busy 
times, and the 
slight expense 
in clerical effort 
necessary to 
keep track of 
these things sys- 
tematically is 
small compared 
with its effect. 

184. Price 
index and 

records. A record of every quotation received for material to be 
purchased, and a classified record of the price of the material actu- 
ally purchased should be kept, as it is of great aid when occasion 
requires the purchase of the same commodity again or a similar 
One simple way to do this is to make use of the copy of the 



Gentlenien— > 




Please refer to our 


order numbei: callif^ 


for 




which IS now due. 




Advise by'retvrn moil earliest possible 


shipping (tote on this material. 




Yours Very Truly 

6tandansl Hfg.Co. 

by-.r 



Pig. 97. — ^Return postal card calling for shipping 

date. 
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purchase xeqiiisition mentioned above, which does away with the 
need of an additional form for this purpose. However, some firms 
prefer to use a small card index tor more convenient reference. 
The material entered should include date, name of concern making 
the price, commodity, quantity, price, and whether delivered, or 
F.O.B. source. 

180. TaUng mdvantage of the cash dlaconnt Everyone who is 
connected with purchasing knows of the customary practice of 
allowing a cash discount, usually 2 per cent, for pavment of the 
account within 10 days. Sometimes this is not clearly understood 
in the shop, the result being that inspection reports and acceptances 
of new material are made too late to take advantage of the discount. 
This 2 per cent, is so easily made and with so little expenditure of 
effort that it is a shame to lose it. All of those having to do with 
the acceptance of materiab should be made to realize the importance 
of pionipt reports with this end in view. 

186. Pardused material units. The following lists of purchased 
material and the units in which the various conunodities are pur- 
chased was compiled from the purchase records of a large manu- 
facturing plant. It is of value m establishing a standardf of units 
for inventory, so that the inventory reports ma^ be priced consist- 
ently. Also in arranging purchase accounts, or mdexmg a purchase 
ledger. 



Article 


Unit 


A. Alcohol 


Gallon. 


Alcohol denfttured . - , , , r , , , , 


Gallon. 


Aabcstoa 


Square yard. 
Pound. 




AriAm.. muriatic 


Pound. 


Acids, sulphuric. ...,..,,.,.. 


Pound. 


AniAm.. Kvnmfltinfric 


Pound. 


Acids, hydrochloric ■, r . 


Pound. 


Altf ■nritntitn - 


Pound. 


Antimonv » . . 


Pound. 


Aimhaltuni ■. . . . 


Pound. 


Axes , , r , , . 


Bach. State siae. 


B. Babbitt 


Pound. -* 


Bags. 


Bach. 


BnrlafMi. t 


Bach. 


Broncfl tiurot. , . t , , ■, 


Pound. 


Ball besriiun. .....-- ^ 


Bach. State siae. 


Brmsn inant 


Pound. 


llTmsn scran 


Pound. 


Bellows 


Dosen. 


Bfdtinff . . T t 


Poot. 


Belt dressinff 


Pound. 


TltftJfc cmmttnt. 


Pound. "^ 




Bach or foot. 


Bibbs. ooxnDression 


Bach. 


Bandinff. cotton- - t r . 


Pound. 




Pound. 


B<yraz 


Pound. 


BfMswax 


Pottnd. 


Boiler tube 


Poot. 


Bolta. CArrisflre 


Per TOOr S^atfl teffflrth apd diam. 


Bolts, machine and tap 

Bolts, hex head 


Per xoo. State head, length and diam. 
Per xoo. State head, length and diam. 


BoitsI tire 


Per xoo. State head, length and diam. 
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Article 



Unit 



B. Bolts, stud 

Bolts, stove 

Bolts, Whitwprth 

Bolts, expansion 

Bolts, eye 

Brick 

Buffing wheels 

Buffing cottons 

Brooms 

Brushes, paint 

Brushes, glue 

Brushes, oil or bench 

Brushes, lathe or dust 

Brushes, floor 

Brushes, molders 

Buckets, iron and coal 

C. Cellar drainers 

Covers, canvass 

Calcium chloride 

Casks, empty 

Charcoal 

Cement 

Stove lining 

Chaplets 

Clotn-crocus 

Chalk 

Chisels « 

Corks 

Core binders 

Core wash 

Core oil. . . ., 

Cotters, spring 

Coal, blacksmith 

Coal, hard 

Coal, soft 

Clay, fire 

Cocks 

Coke, foundry 

Copper 

Copper sheet 

Copper rivets and burrs. . . . 

Crow bars. 

Clutches, friction 

Crucibles 

D. Door mats 

Dowell pins 

Dowell. shoulder 

Dowell. plate brass 

Dowell, wood 

Diapluagms 

B. Electrical Supplies: 

Battery cells 

Switches 

Puses 

Wire 

Cord 

Receptacles 

Controller pcurts 

Silk and cotton cord 

Lamps 

Bmery wheels 

Bmery blocks 

Smery wheel dressers 

Imary doth and paper 

■Hary powder 

9 

L. 



Per xoo. State length, diam. 
Per xoo. State length, diam. 
Per xoo. State length, diam. 
Bach. State length, diam. 
Bach. State number and cut. 
Per xooo. State sise. 
Each. State diam. and face. 
Each. State diam. and face. 
Dosen. State sise. 

State size and No. 

State size and No. 

State sise. 

State size and kiad. 
State size. 

State size. 



Dozen. 

Dozen. 

Gross. 

Gross. 

Each. 

Dozen. 

Each. 

Each. 

Each. 

Pound. 

Each. 

Bushel. 

Pound. 

Pound. 

Per lOo. 

Ream. 



State size. 

Sise and number. 



State size and kind. 



Pound. 

Doz. State size and style. 

Gross. State size. 

Pound. 

Pound. 

Gallon or pound. 

Per xooo. State number and length. 

Pound or ton. Net. 

Pound or ton. Net. 

Pound or ton. Net. 

Pound. 

Each. Style and size. 

Ton. Net. 

Pound. 

Pound. 

Pound. State size. 

fach. State size or number, 
ach. State style and sise. 
Each and pounds. 
Each. 

Dos. State diameter. 
Per xoo. State diameter. 
Gross. State diameter. 
Per xoo. State diameter and length. 
Each. State size. 

Each. State style and size. 
Each. State style and size. 
Each. State style and size. 
Pounds. State gage and style. 
Foot. State size and kind. 
Each. State size and style. 
Each. State sise and style. 
Peet. State size and style. 
Each. State size and style. 
Bach. Length, bore, face, grade. 
Each and pound. 
Per too. 

Ream or sheet, state size. 
Pound. 
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Article 



Unit 



E. Excelsior 

P. Floats 

Funnels. 

Foundry supplies: 

Flour 

Phosphoro 

Plumbago 

Shovels 

Seacoal 

naz swabs 

Talc 

Mineral facing 

Graphite 

Riddles 

Felt 

Fiber 

Filter stones 

Files 

(On files state kind, square, ro 

also must be stated.) 

Fillet, leather 

FiUet, wood 

Fire brick 

Fusible plugs 

Forks, coke 

G. Glaziers points 

Gasoline. 

Gasketo 

Glass 

Glue 

■Grease 

Grease cups 

Grind stones 

H. Hammers 

Handles 

Hangers, shafting 

Hooks 

Hinges 

Hose, suction 

Hose, discharge 

Hose, air 

Hose, rubber C. I. tube 

Hose, cotton and linen 

Hose clamps 

Hose bands 

Hose coupling 

Hose holders 

Hose menders 

Hardware 

I. Iron, sheet 

Iron, structural 

Iron, bar 

Iron, band 

Iron, scrap 

Iron filler, smooth on 

J. Jack screws 

Japan drier 

K. Xeys. Woodruff 

Knives 

L. Lath metal 

lAwn mowers 

Lamps 

Ijamp wicks 

Litharge 

Lawn sprinklers 



Pound. 

Each. State size and type. 

Each. State size. 

Per ton or cwt. 
Pound. 
Pound. 
Dozen. 
Pound. 
Dozen. 
Pound. 
Pound. 
Pound. 
Dozen. 
Square foot. ^ 
Give dimensions. 
State size. 
Dozen, 
und, second cut, bastard, mill, etc.* length 

Per looo ft. 

Per 100 ft. 

Per looo. Size. 

Each. 

Each. 

Pound. State number. 

Gallon. 

Each. State kind and size. 

Light. Size and gage. 

Pound. 

Pound. 

Each. Size and kind. 

Pound. 

Dozen. State number. 

Dozen. State size. 

Each. State size. 

Each. State size or number. 

Pair or pound. State size. 

Foot. State size and ply. 

Foot. State size and ply. 

Foot. State size and ply. 

Foot. State size and ply. 

Foot. State size and ply. 

Gross. State size. 

Gross. State tvpe and size. 

Dozen. State brass or iron and size. 

Each. State type. 

Dozen. Stat^ size. 

Bach. Description. 

Pound. Gage. 

Pound. 

Pound. Size. 

Pound. Size. 

Pound. 

Pound. 

Each. Size. 

Pound. 

Each. Letter and size. 

Dozen. Size. 

Sq. ft. 

Each. Size and type. 

Bach. Size. 

Dozen. 

Pound. 

Each. 
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L. Lkcqmr 

Lunp ffuaniB , 

L««di ihofil 

Lime 

Lycopodeum 

Udaat.'.'.'y.'.'.'.'.'.'.'. 

Lwlden lUp 

M. M»lleu 

Milieu with huullea 
Mstluble eutinca. . , 
Uiu, fUke 



StBrtcn knd iwiCchM. . 



NumpUMs 

N>[ih£> 

Itoal^" '.'.'.'.'.'.'.'.'.'.'. 

Sprinlden 

Nuu, check 

Nuts, cold puoched. . 
' Nutt, Hnu-GnuhEd.. 
*. hot p r eii t d. . . . 



Nuti, thumb K 
Nut ' 



Oili, pukSne 

Oil. panifine wu 

Oils, linieed nw 

OiU, linMed bailed. , . 

Oils.iperm 

Oili,caMor 

OiU. keruene 

O^ put>foot 



PfHind. Kind. 
Pound. Kind. 



Foot. KlDd. 

Buh. 

Doien. LolBth And di«i 

Number snd weighC. 

Bwb. Order number. 
Each. Order number. 

Pound. Sue <peBny). 
Pound. S H (penny). 
Pound. Sue 



Bach. Sue. 



Per 100. Site. 
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Article 



Unit 



R. 



P. Paper, toilet 

Paper, toilet, holders 

Paper, wrapping. 

Plaster, wooa fiber 

Paper, roofing 

Paint, interior cold water. 

Paint, roofing 

Paint, machinery 

Paint, steel filler 

Paint, bronse 

Paint, aluminum bronse. . 

Paint, gold leaf 

Pattern letters 

Pig iron 

Pig iron, charcoal 

Pdes 

Pipe, spiral riveted 

Pipe, asphalted 

Pipe, pullers 

Pipe. Rftcrs 

Pipe, fittings 

Bushings. 

Couplings. 

Elbows. 

Lock nuts. 

Bends. 

Flanges. 

Flange unions. 

Nwtes. 

Sockets. 



Thread protectors. 

Reducers 

Unions, malleable. 



Caps. 

Pulleys 

(On pulleys, state face, diam. 

whether steel, iron, or wood.) 

Pulley blocks 

PoliA 

Putty knives 

Rags, wiperS| etc 

Rawnide pimons 

Red lead 

Rivets 

Revolution counters 

Rosin 

Rods, brass cased 

Rods, case hardened 

Rods, round brass 

Rods, square brass 

Rods, bronse 

Rods, galvanised 

Rod couplings. 

Rope 

Rust preventative 

Rubber bumpers 

Rubber cord 

Rubber mattings 

Sash weights 

Sal ammoniac 

Sal ammonia 



RolL 
Dosen. 
Pound. 
Bair. 

RolL Ply. 
Pound. 
Gallon. 
Pound. 
Pound. 
Pound. 
Gallon. 
Books. 

Bach. Style and sise. 
Ton (short). 
Ton (short). 
Per ICO, sise. 
Foot. Si«e. 
Foot. Sise. 
Each. Sise. 

Foot. Sise plain or galv. 
Each. 

Bach. Sise and style. 
Bach. Sise and style. 
Bach. Sise and style. 
Bach. Sise and style. 
Bach. Sise and style. 
Bach. Sise and style. 
Bach. Sise and style. 
Bach. Sise and style. 
Bach. Sise and style. 
Each. Sise and style. 
Each. Sise and style. 
Each. Sise and style. 
Each. Sise and style. 
Bach. Sise and style. 
Bach. Sise and style. 
Bach. Sise and style. 
Bach. Sise. 
bore, and whether loose or tight. State 

Bach. Sise and style. 

Pound. 

Dosen. 

Pound. 

State diam. face, bore. 

Pound. 

Pound. 

Bach. Sise and style. 

Pound. 



Pound. 

Bach. 

Pound. 

Pound. 

Pounds. 

Pound. 

Pound. 

Pound. 

Gallon. 

Pound. 

Pound. 

Pound. 

Per loo. 

Pound. 

Pound. 



Diam. and length. 
Fig. and sise. 
Diam. and length. 
Sise and length. 
Diam. and length. 
Sise. 
Sise. 
Sise. 

Sise. 
Sise. 
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Article 



Unit 



S. Sal soda 

Soda ash 

Sand, molding 

Sand, fire 

Sand paper 

Sand, core. No. a 

Saws 

Strainers 

Shellac 

Screw hooks and eyes 

Screws, machine 

Screws, machine brass 

Screws, can 

Screws, lag or coach 

Screws, case hardened set. . . . 

Screws, wood 

Screws, R. H. wood 

Screen boxes 

Sulphur 

Sheet brass 

Spelter 

Silver metal 

Shaft couplings 

Shaft drop hangers 

Springs 

Steel castings 

Steel, cold rolled 

Steel, crucible 

Steel, hammered crucible. . . . 

Steel, soft, round 

Steel, soft, squares and fiats . 

Steel, tool, round 

Steel, tool squares 

Steel, tool, flats, hex. and oct. 

Steel dislca 

Steel rails 

Steel sheet 

Steel spring 

Spring copi>er 

Scrap steel 

Steel, band 

Stencils 

Straps, leather 

Signs 

Sinks. . . . • 

Straw 

Stone 

Soap 

Soapstone crayons 

Spolces 

T. Tumbuckles 

Tacks, carpet 

Triopli ! 

Tanks 

Tank floats 

Tallow 

Taper pins 

Tapes, measuring 

Tin. pig 

Tin, sheet 

Tin, phosphor 

Tubing, braced brass 

Tsbing, seamless 

Irpentine 

rmit 



Pound. 

Pound. 

Ton. 

Ton. 

Ream or sheet. Sixe and number. 

Ton. 

Each. Sixe and style. 

Bach. Sise and style. 

Pound. 

Gross. Sixe. 

Gross. Sixe and number. 

Gross. Sixe and number. 

Gross. Sixe and number. 

Per loo. Sixe and number. 

Per xoo. Sixe and number. 

Gross. Sixe and number. 

Gross. Sixe and number. 

Each. 

Pound. 

Pound. Sixe sheet and gage. 

Pound. 

Pound. 

Bach. Sixe and style. 

Bach. Sixe and style. 

Each. Sixe and dimensions. 

Pound. Sixe and number. 

Pound. Sixe. 

Pound. Sixe. 

Pound. Sixe. 

Pound. Sixe. 

Sixe. Dimensions. 

Pound. Dimensions, make, grade. 

Pound. Dimensions make, grade. 

Pound. Dimensions, make, grade. 

Bach. Sixe. 

Ton. 

Pound. Sixe and gage. 

Pound. Sixe. 

Pound. Sixe. 

Pound. 

Pound. 

Bach. 

Bach. Sixe. 

Each. Sixe and type. 

Each. Sixe and Pig. 

Ton. 

Perch, or ton. Description. 

Case or bar. Brand. 

Gross. 

Each. 

Each. Sixe. 

Pound. Sixe. 

Pound. 

Each. Sixe. 

Each. Number and sixe. 

Pound. 

Per lOO. Number and length. 

Bach. Length. 

Pound. 

Pound. 

Pound. 

Pound. O.D. Gage. 

Pound. O.D. gage. 

Gallon. 

Pound. 
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Article 



Unit 



T. Tubes, aluminum 

Tubes, copper seamless. 

Twine 

Tags 

V. Valves 

Air. 

Tank float 

Blow oflf. 

Foot. 

Water relief 

Gate. 

Brass hose. 

Globe 

Gross. 

Angle. 

Check 

By pass. 

Valve disks, canvas 

Rubber 

Ammonia 

Leather 

Fiber 

Varnish 

Dipping 

Brush 

Vises 

W. Wax, floor 

Wagons 

Waste 

Washers 

Welding plates 

Welding compound . . . 

Well points 

Wrenches. 

Wrenches, drop forged. 

White lead in oil 

Whiting 

Wheels 

Whistles. 

Wire cloth 

Wire* spring steel 

Wire, music 

Wire, iron 

Wire, brass 

Wire, copper 

Wire rope 

Wire netting 

Wood rod 

Wood rod couplings. . . 

Wood slabs. 

Y. Yarn for packing 

Z. Zinc 



Pound. Pipe sixe. 

Pound. Pipe size. 

Pound. 

Per 1000. Size and kind. 

Each. Style and size. 

Bach. Style and size. 

Bach. Style and size. 

Each. Style and size. 

Each. Style and size. 

Each. Style and size. 

Each. Style and size. 

Each. Style and size. 

Each. Style ank size. 

Eech. Style and size. 

Each. Style and size. 

Each. Style and size. 

Each. Style and sixe. 

Each. Style and size. 

Pound. Number and size. 

Pound. Number and size. 

Pound. Number and size. 

Pound. Number and size. 

Gallon 

Gallon 

Gallon 

Each. Number and size. 

Pound. 

Each. Kind. 

Pound. 

Pound. 

Per xoo. Size. 

Pound. 

Gross. Size and style. 

Each. Size and style. 

Each. Size and number. 

Pound. 

Pound. 

Bach. Diam. and tread. 

Each. 

Roll. Feet. 

Pound. Gage. 

Pound. Gage. 

Pound. Gage. 

Pound. Gage, old or new. 

Pound. Gage. 

Pound. Size. 

Square foot. 

Foot. Size. 

Each or pair. Size. 

Cord. 

Pound. 

Pound. 
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SHOP AND PRODUCTION ORDERS 

187. Ori|^ and general classification ol orders. The customer's 
order must ^ through a process of subdivision before it is in shape 
to start activities in the shop. The customer's order is usuaUy 
translated into shop terms and written on shop forms, which are 
known as shop orders. These may or may not be collective orders; 
in other words, one shop order may or may not contain a variety 
of machines and parts. Whichever is the case, the shop order 
must be still further subdivided into orders for individual parts, 
sometimes known as production orders. There may be quite a 
variety of these for one part; for example, foundry, pattern, machine- 
shop order, and so on. All of these production orders must be 
related and referred to the original shop order by means of some 
system of numbering, such as described in paragraph (190). 

188. The shop order. To what extent copies of the shop order 
may be used in various shop departments depends entirely upon the 
nature of the product manufactured. For example, in the case of 
complicated machineiy, the shop order will be of service simply to 
notifpr the production office that a machine of a certain type is 
required, and sub-orders, or production orders, would then have to 
be issued by the shop office for the various departments. However, 
if the article manufactured is simple, consisting of but one or two 
pieces, manifold copies of the shop order may serve as production 
orders to the various departments. In general it is good policy to 
use the shop order manifold copies as much as possible, shipping 
bills and invoices, as well as pnced copies for record files, are simply 
copies made out at the same time that the original order is entered. 
Where the ordinary typewriter is not powerfid enough to manifold 
the required number of copies, a billing machine can be used, which 
will make from twelve to fourteen legible copies of the original 
order. (See Fig. 98.) 

189. Shop orders are often made on letter size plain sheets 
punched for file boards. The departments to which these are issued 
are denoted- upon these copies by means of rubber stamps. Some- 
times special printed forms are used, containing spaces for such 
notations as are necessary during the handling of the work in the 
particular department. For example the shop copy of the order 
may be provided with rulings for tracing the work through the 
shop, keeping a record of cost, and so on. Sometimes shop orders 
are in card form for indexing in desk files. This is convenient for 
quick reference, but wiU not work well with long, collective orders. 

Fi^. 9p shows how a collective shop order may be subdivided so 
that individual items only are called for on card forms. In a case 
of this kind it is not necessary to reproduce each item on a card; 
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for example, the material comprising pipe fittings, which would be 
ktpt in tne stock room and upon whidi work would not have to be 
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done, would not be carded, but requisitioned direct from the col- 
^tive order, 
/here board files of the Shannon type are used, the proper loca- 
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tion of the punch holes is vety important. Customarily this is at the 
top of the sheet, near the title. A far better scheme is to put it at 
the bottom of the sheet and file the sheet upside down, in which case 
titles may be more readily inspected. 
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Pig. 99.'^0>IIective shop order and individual shop cards. 

190. Shop-order numbering. Numbering of shop orders is for 
the purpose of indexing and locating. In general the simpler the 
system of numbering adopted, the better. Straight consecutive 
numbering has the disadvantage that in time the numbers will 
reach such size as to be confusing to those who have to handle them. 
It b not at all uncommon for those who handle orders in the shop 
to memorize the various numbers and to refer to them in that way. 
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If the number is very large this is a matter of some difficulty. The 
size may be kept down by putting them back to zero periodically, 
the difficulty to be anticipated when this is done being the confusion 
of one order with another of a previous period. This is avoided by 
prefixing a letter, such as i4 , B, C, before the number, and changing 
this letter with each period. One advantage of this system is that 
it immediately indicates all orders in the shop belonging to the 
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MAiw orncc copy 
Pig. ioo. — Handling and filing the individual shop orders. 

previous period, which should have particular attention paid to 
cleaning them lip. 

Where sales statistics are used it is sometimes the practice to 
arrange the number system in conformity with the classification 
of statistics; for example, prefix or affix letters indicating whether 
the nature of the order is a new order or a repair, a domestic or 
'^ foreign, a regular or a special construction. 

IL Ffling diop orders. Shop orders in active use are usually 
according to the order number. Additional cross-indexing to 
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the type and size of machine is desirable, since the S3rstem of filing 
by order number gives no clue as to the quantities of each type and 
size of machine which are on order and which is an important thing 
to know. Where the card farm of shop order is used, it is a simple 
matter to make two or more copies of the card at one writing, file 
one according to order number, and the other according to machine 
type and size, Fig. loo. Where the sheet form of shop order is used, 
it will be found more convenient to maJie the cross-entry of the 
machine type and size in a loose-leaf ledger particidarly adapted 
for that purpose, since each entry will require but one line, whereas 
if a copy of the shop order was used for that purpose it woidd require 
a whole slieet. It is hardly necessary to say that the record of 
orders in the loose-leaf ledger must be kept up-to-date by crossing 
off those which are shipped and cancelled, as otherwise it will be 
misleading instead of value. 



OnUATMMS 



^S=S5 



rtto 



BMt nnBAfi 



STOCK ORDER 
riiiMii MBJJmpi 



I - I 



i»ni i/tt/ii 



■***- % 



•XlJIJL 



M/4 






M 



PnvlM'K. 






.Jir. 



Pig. 1 01. — A stock order and routing form combined. 

192. Stock and special orden for complete machliiM. In con- 
nection with shop orders the distinction must be noted between 
stock orders for parts and stock orders for complete machines. 
There is not always a definite relation between the number of 
machines ordered for stock and the number of parts on the same 
machines which are manufactured or put through. In the latter 
case the quantities are determined more from the point of view of a 
suitable-sized or economical lot for machining. In some cases 
complete machines are not built for stock at all, which does not 
necessarily signify that they are put through one at a time; but 
that they are not manufactured until a sufficient number of orders 
has been received to make the entire lot available for immediate 
shipment when produced, Fig. xoi. 

198. Good practice in shop orders avoids the combination order, 
in which several different types of machines are specified under 
one number. A good rule b to allow but one t3rpe of machine to an 
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order numiber. To insure that the various parts of a collective 
order from a customer which are required for shipment at the same 
time are not overlooked when this scheme is adopted, reference 
letters are used as shown in Fig. 99. Thus an order ^p marked 
1758^ (a to e) would automatically call attention to orders 1758a, 
X7j86, X758C and 17580 which are required on the same shipment. 

194. If umbering of stock orden. The numbering 01 stock 
orders may or may not be the same as that used for the regular 
shop orders. It is sometimes ^ood policv to omit customers' names 
from orders altogether, in which case there is no means cmT telling 
whether the order is for stock or on an order of shipment. This 
prevents stock orders being overlooked or set aside as of minor im- 
portance, which is sometimes found to be the case. Where this 
system is used the customer's name, date of order, and the cus- 
tomer's order number, are recorded in what is known as the order- 
' record book, consisting of a consecutive record of serial numbers, 
opposite which the entries described above are made as fast as the 
numbers are reached. This system is particularly well adapted 
to cases where it is desired to prevent a list of customers from.being 
made by employees. Where it is necessary to distinguish stock 
orders from special orders in the shop, as well as the office, this may 
be done by using a different series of numbers and prefixing or 
affixing a letter to indicate stock. 

IM. In the case of fecial orders and where the rule is in force 
to enter but one type and size of machine to an order, it is a step 
toward simplification to give the machines which are shipped num- 
bers corresponding^ to the shop-order numbers. In case there are 
a quantity of similar machines on an order, they nunr be distin- 
guished by stamping additional numbers or letters affixed to the 
shop-order number. The advantage of this plan is that when the 
customers write in regarding repairs for a certain machine number, 
the original shop order can be at once pulled from the file. This 
scheme cannot be adopted where the snop-order numbers are set 
back to zero periodically, unless the periods are for long terms, 
as, for example, zo years, in which case there would be little liability 
to confuse ue machines on two orders of a sinular number. 

196b Blind nnmbers. To make sure of identification of machines 
which are sold to customers, even in case the numbers are changed or 
defaced, blind numbers are sometimes used which are placed in a 
position known only to the manufacturer of the machine, and are 
covered with paint or filler. The location is usually an inconspicu- 
ous one, and one in which little liability to defacement of the num- 
ber is probable. 

197. Bill of material nsed as a shop order. In the cases of both 
stoc^ and special shop orders, it is often good practice to use the bill 
of material as a shop order. On standard machines these biUs of 
material may be furnished in advance and provided with spaces for 
customer's name, address, and quantity of machines ordered. 
Sometimes the aame biUs of material are used over and over again, 
being returned to the office after shipment and having new entries 
made upon them in the form of pasted slips containing inf ormatioa 
itgarding the new orders. 
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196. Frodisctioii orders. Production orden for the various parts 
of manufactured machines are necessary where the product is at all 
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Pig. Z02. — Graphical outline of production order system. 

implicated. In the small shop and where little variety eadsts, they 
ire sometimes done without. They are also quite necessary when 
vork is to be traced through the shop and when it is to be dispatched 
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according to time schedules. Production orders also assist in the 
obtainment of accurate costs. They are usually of card form, or 
^mall slips, 3X5 inches. 

199. CoUectiTe productioa orders are occasionally used, in which 
more than one item is entered on a production order. For example, 

M division of labor in 
ordering andrtcording 
t>etwen departments 



We opposite ofacenfrat 
proaucficm Sjfitem but 
possessing odiantages of 
simplicity of orders and 
records 



Itssuccess depends on 
intdligentcoordirKttionc^ 
\ftie various units by the finished 
ujiief of production nAoimts 



OROIRS fOeSMlFHCMJS 



ORDERS rORMACRfNES 




Pic. Z03. — Graphical outline of inter-department production orden. 

all of the castings required on a special order might be ordered in 
the foundry on one sheet, which in this case would be a collective 
foundry production-order. 
SOO. Intor-depaitmentd piodoctiofi orders are illustrated in Fig. 
which shows the procedure when one department requisitions 
from another. Where this practice is followed orders 
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are often written in book form, each department having a book for 
orders issued and a book for orders received. A central clearing 
house for orders is formed in the shop office, where interchange of 
entries b made 
from book to 
book. The dis- 
advantage of in- 
terdepartment 
p r oauc t i o n 
orders lies in the 
lack of centra- 
lized control, 
while its advan- 
tage lies in its 
simplicity. 

201. MAcfaine- 
departmont pro*" 
duction orders. 
In the machine 
department con- 
ditions deter- 
mine entirely the 
elaborateness of 
the system of 
produc ti o n 
orders used, 
which may vary 
from none at tSl 
to a complete 
operation order 
system in which 
individual slips 
are issued for 
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Pig. 104. — Graphical outline 
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each Operation. (See Fig. 104.)^ Where men do the same work day 
after day there is no necessity for issuing repeated orders to them. 
Their daily time cards, in connection with the inspector's check of 
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quantity, is sufficient for a record. This condition is also met in a 
more formal manner by the use of standing order numbers to de- 
scribe this work foi the purpose of accounting. 
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202. Part orders as distinguished from operation orders, are 
usually retained at the foreman's desk, time cards being made out 
from the card order by a department derk or timekeeper, and issued 
to the individual workmen as required, Fi^. 105 and xo6. Occa- 
sionally job cards are used, as illustrated m Fig. 168. Where part 
orders are issued two copies are generally sent to a department, 
one being filed by order number for record purposes, the other for 
use in the active tickler. When the order is completed one copy is 
filed for reference by order number, and the other is sent back to 
the production office marked "completed." Sometimes the same 
part receives successive operations in various departments. Under 
these conditions it is usual to issue a part order for each department, 
except where job cards are used, wnich follow the work from one 
department to another. 

203. Operation orders are made out in cases where dispatching 
systems are in use, and where it is required to obtain a very close 
and detailed cost. A separate order slip covers each operation on 
the part in question, usually being made out in the central produc- 
tion office and filed in the work ahead spaces allotted to the various 
machines in the department concerned. 

204. Practice varies in different plants with regard to the question 
of holding back production orders until the material is available. 
In some cases production orders are issued to the various depart- 
ments as fast as the shop orders are received, which is possibly a 
good way to avoid responsibility and put it up to the next fellow. 
The first method is by far the best, since the receipt of an order is 
then positive indication that the material is reac^ to be worked 
upon. 

205. Division of production orders. Production orders take 
various forms depending upon the purposes for which they are used. 
Different requirements must be met in the pattern shops, foundry, 
machine shop, and upon the assembling floor. Definite procedure 
with regard to any one of these forms must indicate by whom the 
order is issued, its form, how filed, how handled in actual use, how 
recorded after its functions are completed. 

206. Pattern orders are usually issued by the drafting department 
for new patterns and for charges of patterns. Pattern orders should 
contain information as to the pattern number and the correspond- 
ing drawing. A 3 X 5'inch card or slip is usually sufficient for this 
purpose. A larger size may be used where data are recorded on the 
back of the slip. Pattern orders often contain a space for a record 
of the weight of the casting, the order being retumra to the produc- 
tion office when completea, and finally sent to the cost office where 
this weight is recorded for cost purposes. In order that the records 
in the pattern loft be kept up to date, it is a good plan to attach the 
pattern order to a new pattern and require it to be sent to the 
pattern loft where the new record is made before allowing the pat- 
tern to go to the foundry. 

New pattern orders may be completely identified by the pat- 

' ~n number and date, ^nce a pattern is made but once. Pattern 

"^ge orders are often distinguished from orders for new pat- 

i by a different color of slip. This may be numbered in 
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various ways according to conditions which are to be met. In 
a plant, for example, where pattern changes are frequently made 
to meet special order requirements, the change slip should refer 
to the special order number so that the cost of making the 
ch^ge in patterns can be charged against that order. 

207. The necessi^ for repairs to patterns may become evident 
either in the foundry from actual inspection of the patterns or in 
the machine shop, due to the distorted nature of the castings. The 
issue of repair orders for patterns b usually vested in the foundry 
management to whose interest it is to keep to a minimum the num- 
ber of casting rejected by the machine shop. 

Where individuial costs are kept on pattern repairs, the order must 
be given either a serial number or a number corresponding to the 




Pic. 107. — Graphical outline of foundry production-order system. 

pattern number and date. Where pattern repairs are grouped as 
a subdivision of expense, a standing order may be used to cover this 
point. 

206. Otiier pattern records and reports. It is customary to 
maintain in the pattern loft a record of patterns out of storage. 
Such patterns may be in the foundry of the home plant or may have 
been sent to another plant as is frequently the case with patterns 
for brass, bronze and steel castings. There is also of course the 
record of pattern numbers described in (59). 

909. Foundry orders. Foundry orders are usually issued from 
the shop production office, from the bill of material, drawing or 
some other source of information. In form, foundry orders may 
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either be individual order slips or collective orders, which are some- 
times used when the practice is to issue work tickets to the molders 
which are made out in the foundry production office. The necessity 
for this is determined by the capacity of the shop production office 
with regard to handling the number of individual tickets necessar>S 
which depends somewhat upon the class of work. Fig. 107. 

210. Lidividual foiindiy order slips should contain information 
as to piece name, pattern number, quantity wanted and date wanted, 
as wdl as a reference to the original shop order from which they are 
derived, which may be made a part 01 the system of numbering 
employed. Foundry tickets are usually small slips, 5X5 inches. 
As many copies of these are made out at one writing as are re- 
quired by the routine employed in the foundry production office. 

211. Foundiy-productioii orders or a copy of tnem are frequently 
used as notification to the pattern office that a pattern is wanted. 
In this connection, it is possible to arrange a pattern transportation 

system so that the 
required patterns 
are delivered to the 
molders* floor prior 
to being required 
for use. A copy of 
the foundry- produc- 
tion order may also 
be used in the pat- 
tern loft as a record 
of patterns out of 
storage, being 
placed in a card 
holder at the loca- 
tion of the pattern, showing the location of a pattern in active use, 
and being destroyed when the pattern is returned. Other uses of 
foundry-production order copies are; to form a production tickler 
for the foundry office, work ticket for the molder, cleaning room 
ticket and as a basis for foundry-production records. The return 
of a copy of the foundry-production order to the shop office con- 
stitutes a notification of completion of the order, Fig. 108. 

212. Foundiy-productton reports. A daily report of castings 
made in the foundry is quite necessary, so that the machine-shop 
production office may check up the condition of its orders. The 
return of the foundry-production order slip, while indicating the 
completion of an order, does not show the partial deliveries which 
may be made day by day, as does the daily record of castings made. 
Another use of this report is for obtaining an accurate cost of foun- 
dry operation, which requires that the output be definitely known. 
It is best to make thb report at the cleaning room, so that the num- 
ber of defective castings may be deducted from the record. It is 
sometimes the practice to have a weighmaster in the machine de- 
partment to receive and check all castings delivered from the foun- 
dry. A daily record of castings made should contain the following 
information: Order number, weight, pattern number, name of oart, 
quantity, and for what department. Where foundiy costs are kept 
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by classes of castings, individual weights need not be given on this 
report. 

21S. In the foundxy-production oi&ce work is planned by the use 
of various files, containing copies of the foundry-production orders. 
One of these is a foundry-production tickler containing copies of these 
slips arranged in order of date wanted, and is useful in laying out 
work. Another file contains a set of copies arranged by order num- 
bers, since all references from the machine shop and other depart- 
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Pig. Z09. — Foundry production record. 

ments will be made in this manner. An active file may contain 
slips which were filed in the production tickler prior to being worked 
upon, and in which all work in process is r^orded. A record file, 
in which the finished slips are arranged according to order numbers, 
permits of information being given regarding the date that any 
casting has been made, when its order number is known. The use 
of duplicate slips in a foundry-production system is illustrated in 
Fig. 107. 

214. use oi colors to indicate the age of orders. The age of an 
order may be told by the color of the order slip, provid^ these 
colors are changed periodically. ^ It is usually customary to change 
the colors once a month when this system is used. The number of 
colors necessarv is determined by the maximum duration of an 
order in the shop. Thus, if colors were changed eveiv month, 
six colors would be suf&dent, providing all orders were cleaned up 
within six months. 

215. Another use of distinctiTe colors is to indicate the urgency 
of orders. This scheme is used when no definite planning of work 
is attempted. A number of colors or a color schedule might repre- 
sent the relative urgency of orders divided into several broad classes. 
For example: Red--breakdown or express orders; blue — promised 
order of urgency; buff — regular procedure; white—rstock order. 
A difficulty experienced when thb system b used is a tendency to 
put everything through under *' urgent" orders, especially when a 
shop is crowded with work. 

216. Numbering production orders. It is necessary to number 
production order slips so that they will refer to the shop order from 
which thev originate. An exception may be made in the case of 
stock production orders for parts which are not related to complete 
machines. Where production orders are used but once, the date 
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of issue in connection with the shop-order number and symbol of 
part will usually be a sufficient identification. If serial numbers 
are given to the production orders, it necessitates cross-reference 
to an index to identify them. 

217. Standing productiofi orderB. Orders are sometimes issued 
covering a given rate of production. In other words, so many 
pieces are to be made per week or month. This practice saves 
considerable clerical work and is possible where a somewhat uni- 
form rate of output is maintained. One advantage of this S3rstem 
is the ease of planning. For example, if the preceding year's sales' 
analysis indicates that' 12,000 pieces will be required within the 
next six months, a standing order may be issued for a rate of produc- 
tion of 2000 pieces per month, and any falling off from the antici- 
pated amount will be easily detected. A form used in the foundry 
production office for this purpose is shown in Fig. 109. A card is 
made out for each article and spaces are provided to check up the 
actual daily production against the estimated or planned rate of 
production. Losses through defectives may be made up by increas- 
ing the rate of production during a following period, after the per- 
centage of loss IS well established. In one-product shops, produc- 
tion orders are sometimes dispensed with altogether, except in such 
cases where definite lots are to be machined. Where the operation 
is practically continuous, there is no necessity for production orders, 
since the time card and inspector's count are sufficient to keep a 
record of output properly. 

A standard lot quantity enables the repeated use of the same pro- 
duction order, which is then in printed form. Dates or affix letters 
are changed in order to identify the order. The BuUard Machine 
Tool Co. uses the same production order four times, four spaces 
being provided for identification dates^ the lot number remaining 
standard in each case. 

218. Handling split lots. Oftentimes it becomes necessary to 
change the quantity in a lot being machined, or to subdivide it into 
two or more parts, one of which may be laid aside for a time while 
the other is hurried through. It is necessary to be careful when this 
is done to distinguish the numbers of the split lots suitably, so that 
there will be no possibility of confusion. The order Aumb^ applied 
to a split lot ticket shoidd in its nature indicate that the lot is split. 
It shoidd also refer to the original order number covering the wnole 
lot. The greatest difficulty in connection with split lots is encoun- 
tered in the cost department where any indefiniteness regarding the 
quantity of pieces worked upon will result in inaccurate costs. For 
this reason, the date of subdivision of the split should be distinctly 
marked upon the order, both the original production order for the 
entire lot and the production order for the smaller quantity. 

219. Sometimes pieces are machined for stock up to a certain 
point, depending upon the condition of live orders, and are then put 
through the rest of the way on the special order numbers. This 
is also true where certain parts are standard up to a certain point 
of construction and then become special. These cases are also cov- 
ered as indicated for spHt lots. Where the numerical system of 
numbering production orders is in vogue, necessitating a reference 
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to an order number record, new orders are sometimes issued for 
spHt lots referring to original order numbers. 

280. Material shortages are sometimes of small importance where 
large lots are manufactured for stock and when a difference of a few 
pieces in several thousand is quite negligible. On work where mate- 
rial shortage is likely to cause delay or an increased expense neces- 
sitated by bringing through the small number of pieces re<]^uired 
to make up the shortage, it is good practice to start the onginal 
lots large enough to allow for all probable losses which may occur. 
Even on special machined parts which are not likely to be used 
again, the completion of one or two extra pieces, is, as a rule, much 
less expensive thui to bring throiigh this same small quantity by 
itself to make up a shortage. 

SSL Assembling orders. Two general plans are in use in regard 
to handling assembling ordeiB. In the first these are issued by the 




Pig. xxo. — Graphical handling of assembling orders. 

assembling foreman who requisitions his goods or parts from the 
stock room, in plants where a complete stock system is maintained, 
or otherwise has them chased up and brought in from various parts 
of the shop. The assembling of a machine is started according to 
his judgment and the condition of his floor. Another plan is to hold 
the assembling orders in the production office until sufficient parts 
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are ready and then have them delivered to the assembling depart- 
ment at a scheduled date. Such a system is only possible where 
tracing and planning is done. (See Fig. i lo.) Assembling orders 
are generally a copy of the shop order in card or sheet form, see (189). 

222. Unit assembling orders are similar to part orders except that 
they call for a unit assembly; this is to be delivered to finished stock. 
Shop orders cannot be used for this purpose. Unit assembling 
orders may sometimes be combined with the inspection report in the 
form of a tag to be attached to the unit assembly after inspection. 

228. Order system for small plant Before planning or installing 
any system of orders it is well to consider what purposes orders are 
intended to fulfill. They may be said to be the conveyance of exact 
information of what is required to be done, and the furnishing of a 
key or symbol by which to charge time and obtain costs. Another 
purpose for which production orders are used is to show the state 
of the order in the shop especially where planning or dispatching 
systems are used. The elaborateness of the onler system re- 

3uired will entirdy depend upon these conditions. It is quite 
esirable for the small shop to maintain a definite system of pro- 
duction orders, especially if growth of the business is anticipated, 
since it is much easier to start an order system in a small diop, 
than it is to install one in a large shop. A simple and inexpensive 
system of the nature of part production-orders may be established, 
and when time and conditions require it may be easily elaborated 
into an operation order system without radiod changes. 

224. The rule of operation sequence. (E. H. Schell in Ameri- 
can Machinist, vol. 39, p. 307.) It is evident that in the assign- 
ment of operations to any given part, it is imperative that, 
should the productive capacity of the machines fluctuate, the 
variation should be in a decreasing scale as the operations proceed. 
This rule applies onlv to parts in which there are no abrupt changes 
in the capacity of the machines. For example, when it is found 
necessary to pass from one unit of high daily output to one of low 
production, temporarv storage may be made use of and the high- 
duty machine aJlowed to complete a continuous run, the next op- 
erator drawing upon the stored reserve. 

If the situation is reversed, and low production precedes a 
possible high daily output, the high-duty machine may be utilized 
profitably for other puiposes over a certain interval, and operate 
upon the work at hand after a sufficient quantity of it has ac- 
cumulated. The following illustration will perhaps best show the 
great ejects which individual conditions have upon the develop- 
ment of an efficient production chart: 

Attention was called to a certain machine shop whose floors 
were crowded with a certain cylinder casting in various stages. 
While investigating the cause, a production chart was made. 
The number of cyUnders in reserve between each operation was 
next obtained and indicated by dotted lines. The startling way 
sn which this line lagged behind the production curve showed at 
M0e that the great inequalities in the machine capacities, as well 
^jjjfe arrangement of the operations were, in large measure, re- 

H|i|4e for the congestion. 
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As is the case in all revisions of production charts, the possibility 
of altering the sequence of operations was first considered with the 
aim of developing as nearly as p>ossibley a series of level or down- 
sloping portions connected by steeper slopes where the great varia- 
tion in daily outputs was unavoidable. The revised chart is shown 
at the left of Fig. 1 1 1 . 

The dotted line beneath the peak of the third operation indi- 
cates that the multiple drill which is here employed may be oper- 
ated only enough each day to complete the daily product re- 
quired by the next machine. Between the fifth and sixth and the 
seventh and eighth operations, storage space was suggested, thus 
allowing the highly productive factors to complete the lot at once 
and become otherwise available. The last two operators, having 
large daily output, the variation is sufficient to allow them to 
spend a portion of each day upon other work. 

A study of the various jigs, fixtures, machine tools and methods 
of operation indicated that a production line as shown by dashes in 
Fig. Ill was not unattainable, and in this, the entire problem was 
analyzed and placed in clear, understandable form, the difficxdties 
made evident, the delays and congestions explained, and the reme- 
dies suggested. 

STOCK Ain> STORES METHODS 

226. An availabilily index. Where it is customary to carry 
finished machines in stock an availability index is convenient to 
show the number of these which are on hand above orders. The 
records and reports necessary to maintain an index of this kind are 
three, as follows: (a) Adaiiy report oi orders received, (b) A daily 
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Pig. xza. — An availability index. 



Tej^ttot finished product by order numbers, (c) A daily report of 

sktpments by order number. The form of card used in this index is 

shown in Fig. 112. The first two items, (a) and (6), affect the net 

iWdWxle coliunn, orders received being deducted and finished 

i^JMiljI^iftrders being added. The process of making entries and 

H^^^^HBt on the balance may be seen from study of Uie figure. 

^^^feMfwlabilily index forms a very logical means of con- 

^^^^B Ofders in the factory. Maximtim and minimum 

be placed upon each card to indicate when orders 
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should be issued and also in what quantities. An availability in- 
dex may be extended also to the various parts comprising the ma- 
chine, this is not customarily done on account of the number of 
entries involved, except in the case of purchase stores. 

227. Physical arrangemeat d stock deportment The methods 
of ordering, cost keeping and inspecting in any plant, largely de- 
pend upon the ph3rsical arrangement of the rough and finished 
stock department. The closest accounting is possible when all 
goods pass through the stock department and this is also con- 
ducive to the most accurate record of production and state of 
orders. This is possible however only in the most favored plants. 
In the average machine stop there is usually a great range in the 
sizes of parts of machines, some of which are too large to store 
other than in the departments where they are machined. There is 
also a distinction in stock methods between the nuniber of times 
a given piece may pass through the stock room, which may be 
simply as an entirely rough or entirely finished part or may be at 
the termination of each successive operation. The latter is possible 
only where the lightness of the material handled makes transporta- 
tion an unimportant feature. 

228. Stock and stores orders. These are usually small slips 
issued by designated officials calling for the items to be delivered, 



Pig. XI 3. — A common form of stock and stores order. 

and are presented at the stock or stores-room window by the one 
going after them. Sometimes the stock and stores departments 
take care of the delivery of goods called for on orders sent them. 
When a general transportation system is in use this is utilized for 
delivery of stores and stock orders, and for the delivery of the 
goods as well. A common form of store and stock order is shown in 
Fig. 113. The distinction between stock and stores orders is 
made by the color of the ticket, one being white, and the other being 
red. 
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S3S. Where a cost-of-onler sfBtem ia in um, stock and stores 
orders are given order numbers which will relAte them to the shop 
order on wltich a cost is to be kept. Where the attempt is not 
so much a cost-of -order system as a close analy^ of expense, the 
stores tickets when filled are sent to the accounting department and 
are subdivided into groups after being priced, in order to arrive 
at figures representing the consumption of these commodities 
during different periods of time. To make this possible, one kind 
of commodity only should be ordered on one order ticket. 

230. Location of stock departments. The rough and finished 
stock departments are often in separate locations arranged conven- 
iently to the departments to which they contribute. This places 
the natural location of the rough-stock deportment near the foundry 
while the finished-stock department must be easily accessible by 
the machining departments and the assembling department. Sub- 
sidiary stock rooms ore sometimes located in the various depart- 
ments, where the plant is lar^e enough and the necessity for re- 
ducing transportation mokes it desirable. Often the production 
system centers about the rough- and finished-stock departments. 
An illustration of this is shown in Fig. toi. In this case, orders 
originate in the stock rooms, foundry orders being issued from the 
rough-stock room, while finishingorders are issued from the finished- 
stock room. 

331. Stock qnnbols. The ideal numbering or symboling system 
would be one in which the symbol itself made evident (u) the drawing 
location; (b) pattern location; (c) stock bin location; and (e) the 
nature of the part or on what machine it was used. Unfortunately 
in most shops conditions do not permit of such a simple method of 
numbering, this is largely due to the fact that the various numbers 
used for these purposes are outgrowths of conditions which existed 
at different times. Quite frequently the pattern number is used as 
a stock symbol, but if the stock bins are numbered to conform with 
the pattern number a cross-index for bin location will be neces- 
sary, except in a case where the pattern numbers are arranged ac- 
cording to pattern location and the bins for the storage of stock 
follow the same arrangement. This matter is worthy of some 
thought when starting a new tine of manufacture since simplification 
of location of these things is a long step toward efficient handling. 
232. Bin numbering. It is customary to provide each bin in a 
Stock room with a number, for the purpose of quickly locating any 
part contained in stock. A cross-index is usu^y provided giving 
>!.. ki» »...«>... —J '—-Tgedorindexed according to manufactured 
ire a variety oF methods which may be 
Two examples of a numerical system are 
S- 

an indefinite expansion of sections, the 
subdivision of bins within each section. 

There are two distinct methods of ar- 
jct parts within stock bins. One of these 
>f a given machine to various bins and bin 
size of part and nature of its material. A 
e parts of a given machine in one section 
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as far as possible. The first method permits of standardized 
bin construction, and therefore requires less investment in the 
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PtG. 116. — How stock arrangement affects transportation. 

Stock room. The second method has the advantage of reducing 
the transportation necessary to collect the various parts for as- 
sembly. (This is graphically shown in Fig. ii6.) Sometimes 
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valuable material such as brass or bronze is kept in auzHiaiy 
stock departments under lock and key. Where ue main stock 
department is inclosed this is an unnecessary precaution, especially 
where accurate records of the bin contents are kept. 

234. Stock system for the small plant The purposes of any 
stock system may be defined as follows: (a) to provide a systematic 
location for parts, (b) as an aid in ordering, locating the parts, and 
keeping a record of them; (c) to secure the parts from loss. 

In the small plant which cannot afford the services of a stock- 
keeper or has not room for a suitable separation of stock from the 
manufacturing department, bins and shelves may be built about 
the wall, providing a definite location for the stock parts. In this 
case locked cupboards afford security for valuables, the foremen of 
the department having a key. 

Bin records (as illustrated in Fig. 130) form the perpetual in- 
ventory, and orders are issued either from inspection of tne bins or 
from the inventory record card. 

235. Another stock system for the small plant Some plants 
which cannot afford to maintain a store or stockkeeper exclusively 
for this class of work, may use a combination in which certain 
producing machines are located in the stock department, and are 
operated bv the stockkeeper when he is not busy at t£e window. 
Another plan which has been followed successfully is to assign 
certain office hours for the store department, at which time .the 
attendant is present, he being usually one of the office force. ' The 
hours for opening such a store department are preferably the first 
two in the morning, and the first one or two after lunch hour. 

239. Standard bhis and other plans. Sometimes standard bin 
spaces are arranged to receive tote boxes which are made in multiples 
of a certain sized unit for convenient storage. In this case the tote 
boxes have a bin location numbered upon them to insiure their 
being returned to the proper place. 

In some large and succe^ul plants no bins are used. For 
example, in the stock room at the Ford plant the parts in stock 
are contained in wooden boxes which are piled in an orderiy manner 
in the stock room, each box containing a certain definite quantity 
of pieces, usually 50, since the cars are issued to assembly in 
quantities of 50 at a time. 

The H. H. Franklin Co. of Syracuse keep their small stock and 
store parts in sealed bags each of which Contains a gjven quantity 
corresponding with the lot number usually worked in the plant. 
The iMigs are sealed for the purpose of making sure that the full 
quantity is present 

Sometimes trucks are used for storage purposes, especially those 
which are fitted with a removable platform whidi may be deposited 
in any location desired without tying up the usefulness of the truck 
itself. Where this system b used to make the most economical 
use of ^)ace, it is well to standardize the method of piling or loading 
such truck platforms. Photographs are conveniently used for 
this purpose (arranged as shown in Fig. 117). 

Where truck storage is used the lalx>r of loading and unloading 
^he product pieces is greatly reduced. On the oUier hand more 
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tpMct a uaually required as the track pUtforms cannot be piled 
mdily one above the other. A ^ood scheme b to draw or paint 
lines upon the shop floor indicaUng the eitreme limits at which 
these portable truck platlorms may be placed, as otherwise if 
left to the judg- 
ment of the 
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n small parts 
for the puipose 
oi estimating 
the quantity left 
in the bins. 

Tit Taylor 
two-bin sytltm. 
This is a sys- 
tem of stock- 
keeping origi- 
nated by F. W. 
Taylor, in which 
two bins 
used for each 
part, material 

betog drawn p,c. ii7.~-StsDdanli»tioii of truck loading. 

from one bin 

while the other one is being filled. In this way accurate track 
may be kept of the quaotitiea used, without the necessity of 
detailed accounts, by keeping track of the number of limes that 
a bin b emptied, and knowing the quantity held when full. 

2S8. The Soot & Van Devoort Co.'a standard stock spaces. The 
stock is stored in spaces that are a multiple of a standard piling- 
board urvit, 34 X 30 inches, and the floor is laid out by painting a i- 
inch stripe around these multiple unit spaces. The method of piling 
is dependent on the shape of the material, as in some instances 
only one layer is placed in the space and in other cases several 
layers, separated by piling boards, or, again, it may be piled with- 
out any separating medium. 

Small material is stored in bins. A comprehensive index of 
all stored material is provided. Two markers are on each bin, one 
of these gives the bin number and the other the nameois^bol 
of the material in the bin. In case more material than the bin can 
hold is to be stored, an empty bin is chosen and properly marked, 
and the original bin is marked to show where the "overflow" 
stock is stored; the overflow material is used first. 
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Mtiterial to be delivered is segregated and placed on platform 
trucks, having two shelves, Tbe truck may be loaded partly on 
one floor and finally on another before being ready Im delivery. 

The Mxl fanetion of the stock-storage department is the delivery of 
material to the proper place. It mav be noted here Uuit it is a 
universal rule throughout the plant that all material is delivered 
by the department finishing one or more operations, to the next 

KM. ConstnicUon of bina and radca for stock {mrptMos. The 
form of racks and bins used for the storage of stock parts is a matter 
requiring design to suit the shape and site of the parts to be handled. 
A number of forms are shown in Figs. ii3 to 117. Many ingenious 
adaptations of rack and bin forms are made for particular purposes. 



Fic. III. — Stock mnd storet ckUnct (or tmiU paitt. 
Attention is called to the removable front boards shown in Fig. 
123, which are taken out of the bins as the supply becomes reduced. 
Sectional rack construction is shown in Fig. r 24 and methods of 
handling finished bar work in stock which reduce the liability of 
damage of surfaces are shown in Figs, iig, 121 and 135. ng. 
127 illustrates the method of storing product parts at the machine 
which may be mentioned under the classification of stock handling. 
It will be noted that the small parts which are put in at the top of 
the bins are automatically delivered at the bottom convenient to 
the operator's reach. Features of this kind play an important part 
in reducing the number of unnecessary motions. 

UO. Perpetual inventorj for stock parts. Fig. riS illustrates 
tjte Amplest type of perpetual inventory in which only quantities 
Utte accounted lor. A more elaborate form is shown in Fig. 1 19 



QUANTITY AND QUAUTY CONTROL 17S 

in which the inventory card is also made a record of order numbers 

and is used for the purpose of originating and recording stock orders. 
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Pic. 130.— Rollei lackiforbaratock. 
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nay be recorded on separate forms or DMy be combined in the same 

The records necessary la mainlain a perpetaai inventory are as 
follows: {a) A physical inventory determininE the number of pieces 
on hand at the start, (b) A record of tbe quantities received. 



FlC. 114-— Unit nek 

(c) A recordof thequantitiesdelivered. Thequantitiesreceivedare 
added to the balance on hand, wliile quantities delivered are 
deducted. 

S41. Perpetual inventory for the small plant. A dmple system 
of rnsintaining a perpetual inventory without additional clerical 
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labor is shown in Fig. 130. In this case, the inventory cards an 
located directly at £e bins being in the form of tags suspended 
on hooka. It is simply necessary to make entries in the total cdiunn 
on this card when parts are placed in the bin and also when they 
are taken out. In the small departments such bins may be arranged 
around the walls of the building and be under the jurisdiction of 
the department foreman or someone appointed by him. 
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Fig. 13a. — A perpetua 






MS. Halntalniiig Qte accuracy of perpatoal Inventories. Actual 
physical counts, from time to time, are necessary to maintain or 
prove the accuracy of a perpetual inventory. To do this sys- 
tematically, it is well to take a certain number of items per day so 
'entoiy is covered or checked withm a given 
ir example, a check or count of six bins per day 
curacy of an inventory covering 1000 bins in a 
s. A schedule may bt prepared showing the 
are to be checked each day and some nota- 
this schedule to indicate that tins has been 

md mtnitmim limits Ml stores and stock. It is 
the supply of stock or stores becomes low more 
and it is equally evident that if too much is 
amount of money invested in slock or store 
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material will be excessive. To regulate this is the function of 
maximum and minimum limits which are assigned to various items 
of stodk and stores by the chief of production and which are modi- 
fied from time to time to suit conditions of business. When stock 
is reduced to an amount equal or less than the minimum limit an 
order is put through for an amount sufficient to bring the quantity 
up to the maximum limit. This is illustrated in the perpetual in- 
ventoiy record shown at Fig. 129 which shows how orders are 
placed when the minimum limit is reached. 

244. DiBthictioiii of stores from stock. The term stock is usu- 
ally applied to parts which are manufactured within the plant; 
that of stores being applied to purchase parts. Stores may be 
subdivided into direct and indirect, the former comprising such 
items, as pig iron, bar steel, paint, varnish, and other materials 
entering into the product, and the latter comprising supplies 
which are used in maintenance and routine, such as oils, waste 
and coal. 

Physical ^arrangemenl of stores. The arrangement of stores de- 
peads upon the material handled, and the purpose for which it 
is intended. Foundry supplies, such as pig iron, coke and molding 
sand, are usually provided for in special storage bins or buildings 
adapted to that purpose. Bar iron and steel may or may not be 
contained in a general store, sometimes being kept in a bar stor- 
age department which is provided with cutting-off tools, in order 
that the cutting to length may be done before the material is de- 
livered to the shop. Direct items of stores, such as bolts, nuts, 
studs, washers and cotters, are usually kept in the stock department 
for convenience in handling and delivering to the assembling 
department. 

M6. Ways of keeping track of items of stores. Pig iron and 
molding sand and other materials of this nature are usually weighed 
upon receipt to check up the weight given upon the invoices. 
These records together with a record of issue of this material to 
the foundry enables a perpetual record to be kept without much 
trouble. It must not be expected to maintain records of this 
bulky material to a fine point of accuracy, which would be more 
expensive than any value received from them. A report of con- 
sumption of pig-iron, coke, and the like, may conveniently be taken 
from the cupola charge record, while the sand used in the foundry 
is reported as so many wheelbarrows per day each wheelbarrow 
being estimated as containing an average quantity determined 
by experience. Both of these items are checked up by a physical 
inventory at least once a year. 

2^. Method of issuing oil to employees. It is not uncommon 
to see a central oil supply placed in a department from which 
the employees may fill their cans without restriction. This is a 
broad invitation to waste and excessive use, and where it is in 
vog^e it will generally be found that the practice of cleaning the 
hands with machine oil is prevalent. An employer who would 
consider a long while before going to the expense of providing 
soap for employees will often unconsciously provide this more 
expensive material. A better scheme is to place the oil supply 
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under the supervision of the stockkeeper, and issue it to the 
employee only on orders signed by the foremen. The total oil 
supply per department is tabulated, and the foreman held re- 
sponsible for excessive consumption. 

This method entails the mechanic leaving his machine to go 
to the stock room, unless messenger boys are provided to do this 
for him. The use of messenger and tool boys is in almost all shops 
an economical move, since Qieir time in the aggregate represents 
less money than that of the mechanics who shut down their ma- 
chines when they go to the tool crib or the stock room. Another 
method of solving the oil problem is to have a supply tank and 
measuring pump mounted on a truck, and wheelcMi through the 
V departments by an ''oil peddler," who can see that the producer's 
wants are supplied. 

247. Economies in the use of cutting oils. The substitution of 
cutting compound for cutting oils is a matter of considerable sav- 
ing. Some managers are, however, averse to using cutting com- 
pounds on expensive and complicated machines, on account of a 
possible tendency to gimi and to demulsify into oily substance 
and plain water, with consequent rust of equipment. This is a de- 
bated question, and without going into the merits of it, it is suf- 
ficient to state that where oil is used for cutting purposes it is 
economy to regain as much of this as possible from the chips and 
product pieces. Draining the product in sieves or riddles over 
oil tanks is one method of doing this, but not as efficient a one 
as separating by centrifugal action. Machines are on the market 
for this purpose. Their first cost is not great, nor is much power 
required to operate them, a few hours a day being sufficient as a 
rule to take care of chips and product from ten to twelve screw 
machines. Practically all of the oil is regained through this process. 
It will hardly pay to extend this refinement to regaining cutting 
compound, however, on account of its low cost. 

248. Regaining oil from waste and wiping rags. Considerable 
oil may be regained from these materials by use of steam cookers 
and settling apparatus. Aside from the oil regained, the material 
is rendered fit for further use which in itself is quite an economy. 

2M9. Use of central oil storage stations. Large plants effect 
economies in storage and delivery of oil through the use of central 
oil storage stations from which oil is piped to various parts of the 
plant, being delivered under pressure by means of pumps. The 
delivery of oil which is supplied in this manner may be regulated 
by means of self-measuring pumps which are provided mux lock- 
ing devices of which those in authority have the keys. 

The storage of oil in tanks instead of in .the original barrels 
is a source of economy, since all oil barrels leak more or less. 
Some plants avoid this loss while still retaining the oil in the original 
barrel by means of concrete barrel space excavations arranged with 
drains to return whatever oil leaks out. 

S60. Methods of handling waste and wiping rags. (Refer to 
lljuagraph 446.) 

"^L Methods of handling foreign material kept in stock for 
iient with manufacturea goods. Often material is purchased 
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and held in the stock ro6m for 
shipment with customers' orders. 
A convenient method of hand- 
ling such material when its size 
will permit, is to place it in bins 
which are given the order num- 
bers of the shipment on which 
the material is to go. Where 
the size of material will not per- 
mit of this, a tag should be at- 
tached to it containing the order 
number and other particulars 
sufficient to fully identify it. 

262. Precautioiis in connectiQii 
with issue of valves and pipe 
fittings. This class of material 
forms a popular division of 
stores, a great deal of which is 
liable to find its way out of the 
shop unless extreme precautions 
are taken to prevent this. The 
fact that the stockkeeper is in 
charge of this material should 
not be accepted as the only 
check. A good way is to re- 
quire, with the issue of all ma- 
terial of this kind, a description 
of where it is to be used, either 
referring to the order number, if 
a productive order, or the shop 
location if used on shop repairs 
or extensions. This will enable 
the checking up of such items 
whenever thougnt necessary. 

268. Sub-stores. For con- 
venience in making deliveries of 
material, store rooms may be 
located in various departments, 
somewhat on the principle of the 
supplementary tool cribs men- 
tioned in (162). Supplies of 
nuts, bolts, washers, and other 
material largely used by the as- 
sembling departments are kept 
in such cribs in the assembling 
department. In the machine 
department we find oils, waste, 
and other supplies frequently 
used and generally kept in the 
department tool crib. 

The necessitv for a subdivision 
of stores in a plant is determined 
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by the amount of time taken by employees in walking back and 
forth from the store department and may be eliminated altogether 
by use of special messengers for this purpose. When this is done 
the expense of maintaining messenger service will probably be less 
in a moderate sized plant than that of keeping up a number of sub- 
store departments and employing storekeep>ers for this purpose. 
This argument does not hold good, however, when the functions 
of the tool crib and stores are combined in one department. 

264. Perpetual stores inventory. One complete form of stores 
inventory is illustrated in Fig. 131. This is used at the Watertown 
Arsenal to keep track of the purchased materials. It will be noticed 
that stores are apportioned on this record form for the purpose of 
determining what quantity of each item is available over anci above 
orders. Purchases of new material are made more frequently by 
reference to this figure than to the actual amotmt of material on 
hand. Sometimes the perpetual stores inventory does not appor- 
tion or take aCcotmt of material on orders, in which case its form and 
the method of maintaining; it are the same as for the perpetual 
stock inventory described m (177-178) and illustrated in Fig. 128. 
The simple form of stores inventory necessitates physical inventory 
at the start to determine what is on hand, and is maintained there- 
after by a report of receipts and stores disbursements, which correct 
the balance on hand. When stores are apportioned, two more 
reports are required for the maintenance of the inventory cards, 
namely, a record of orders received, and a record of shipments. 

PHYSICAL INVEWTORY 

260. Physical inventory methods. When a complete physical 
inventory is to be taken, if the results are to be of any value, it must 
be done with the plant shut down for a sufficient period for the 
amounts to be properly obtained and recorded. The steps in 
taking a phyacal inventorv may be divided into three: (a) prepa- 
ration, (b) actusd count, (c) extension and computation. 

268. Preparations for a ^y^cal inventory should be thoroughly 
made to minimize the time required and number of mistakes. 
In this connection, preliminary organization is necessary, in which 
every one understands just what he has to do in connection with 
the inventory. Sheets are provided for recording the data, which 
are usually subdivided between material and labor, and further 
between goods in process, rough and finished; also sometimes 
between commodities, such as purchased materials and manufac- 
tured parts, and even between the materials such as cast iron, steel 
castings, bronze, brass and the like. 

267. Ji the inventory is to be taken by weight, a sufficient number 
of scdes must be provided so that there will be no delay in the 
matter of weighing. Where individual costs are accurate, weights 
are not needed, die count being sufficient and the weights and 
values being taken from the individual cost sheets. 

Additional preparation for the inventory may- be made on 
that does not move rapidly, by preliminary counts on 
al arranged in piles, each pile provided with a tag which bl 
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corrected for additions or withdrawals in similar manner to the bin 
tag described in (241). 

268. Where a perpetual inventory system is used, phjrsical 
inventory may be distributed throughout the year, as described 
in (242), and taken without shutting down the plant. 

260. The actual wodrk of taking the inventory depends upon 
whether it is taken by weight or by count. If the former, the gang 
may well be divided into callers-off, weighers and checkers, the 
latter usually being clerks who can record the results in legible 
writing. 

Where the inventory is taken by count, the weighers, of course, 
are not necessary, nor need a large number of scales be provided. 

260. The computing of an invento^r is made simple by means of 
systematic handling. An organization for this purpose is quite 
necessary, usually consisting of every one in the office who is 
available for this purpose. These are distributed into several 
groups, the first putting the price opposite each item, the second 
group making the extension into total cost, the third group checking 
the extension, the fourth group making the addition on each sheet, 
and a fifth group, if necessary, classif3dng sheets and adding sheet 
totals. A convenient method of handling the material between 
groups is by means of wire baskets, in which the sheets completed 
by one group are placed, to be drawn by th6 next. The fullness 
of any basket indicates the necessity of enforcing or withdraindng 
men from a given group, and is a great convenience to the one 
who is in charge of the inventory. Where work is handled in this 
manner, an inventory of a large plant employing several thousand 
men has been completed in 24 hours after the last report was turned 
in by the shop. 

261. Where accurate individual costs are not obtainable, it 
is sometimes possible to classify the products into groups, and apply 
to these groups unit-weight prices. The rough material price is 
easily arrived at from the foundry cost, that of finished material is 
estimated by taking account for a period of time of the pay-roll 
in certain departments, and the total weight of material passing 
through, which gives a fairly close figure. Work in process is 
assumed to be halfway between the rough and finished, which is 
probably correct on the average. 

INSPECTION 

262. The nature of inspection. Inspection may be broadly de- 
fined as the determination of values. As commonly used, the word 
is applied to the determination of quality values only, but it may be 
still further extended to the determination of dme or cost values 
in which case it becomes known as time study, or again, to the deter- 
mination of quantity values which merge into stockkeeping systems 
and methods. 

Inspection may have for its purpose the grading of the commodity 
examined into different classes, or its definite acceptance or rejection. 

As described in this section, inspection will be regarded in its 
common meaning, as applied to quality. 
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263. ClassiflcatiQii of defects. Inspection exists because of the 
existence of defects and if it were not for this we would have no 
necessity for it. Defects may be divided into three classes: 

Defects due to design. 
Defects due to material. 
Defects due to workmanship. 

264. OrganizatiQn of inspection department While the work 
of inspection is not always carried on by a distinct department 
orgamzed for that purpose, this b the logical and best proceeding 
where the shop is large enough to afford it. . It is necessary in ar> 
ranging the organization that the inspector shall be free from inter- 
ference or coercion from any member of the department to which he 
is assigned. For this reason the inspection department is usually 
responsible directly to the works management, which is as much 
interested in' maintaining quality, as quantity, although this can- 
not always be said of the heads of individual departments.* Occa- 
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SIZE VERTICAL BOILER 



Tesi to ZOO Ibi hydrostatic pressure 
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Stay Bolts ? 



Are following fittings in place ? 

Water Column 



Pressure Gage 
Blowoff Valve 



X 



Injector 



REMARKS- 



O^ 



O^ 



erfe: 



ll»u»e. 



OrlC. 



X 



Pig. 133. — Instruction card and inspection report. 

sionallv an inspection department is found which is under the direct 
control of the en^neering department. This is usually on that 
class of work which may be called engineering construction as 
distinguished from straight manufacturing. 

265. Instructioii cards for inspectors. The same advantages 
that are found in the use of instruction cards for shop operations, 
apply to the inspection operations. This is especially true in the 
case of complete machine assembly, where there are a number of 
points to be checked up. This may also be compared to the check- 
mg list used in the drafting department. A representative in- 
struction card is shown in Fig. 132. 

In the case of piece or operation inspection, instructions to in- 
jector are sometimes contained on the drawings, as for example 
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when maxiTnnin and minimum size limits are given or the degree of 
fidsh is r«>re8ented by a symbol (see 74). Inspection cards are 
also used for parts and contain ixiformation as to these points 
when the;y^ are not covered by the drawings. In a great many 
plants, neither limits nor degree of finish are specified, these being 
left to the judgment of the inspector. When he is a graduate of 
the department concerned and familiar with the requirements of 
accuracy this works fairly well, but allows opportunity for con- 
siderable leeway in the matter of opinion as to what is passable. 
The principle of standardization demands specific information for 
inspection, both for the benefit of those who make the inspections 
and the men whose work is concerned. 
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INSPECTION TAG 

This machine has been 

inspected by S!t4fteC.. 

or\^.fi/f./j3..,..and 1bund to 
be O.K in workmanship, 
material ar\d operation. 

Machine No.-ll4a5L 

Lof- ©-7^5" 
Class- C 



Noie- Cufttomcr mayLoWDin a 

cop/ of detailed inspection 

report for this machine if de«lnBc( 

by accompanying request with 

the machine number given 

above . . 

STANDARD MVa CO. 



Fig. 133. — ^Travdling inspection tag. Pig. 134. — Finished machine inspec- 
tion tag. 

266. InspectiQii tags. Inspection tags are used for two purposes. 
Fust, to follow the work through the shop and indicate the in- 
spections which it has passed, and second, to l>e shipped with the 
complete machine to the purchaser as an indication that it has re- 
ceived final inspection. Both ty^ts of tag are shown in Figs. 
133 and 134. The shop tag may be applied to an individual piece, 
in the case of large work, or it may accompany a tray or tote box 
full of small parts through the successive operations. 

267. PerBOiinel of inspecting force and gencxral duties. Where 
several inspectors are employed, a chief inspector is usually in charge 
of them. His duties are to supervise the work of the inspectors, 
and to settle any disputes or questions which may arise over their 
decisions. The chief inspector usually has the final and supreme 



192 MACHINE SHOP MANAGEMENT 

decision on all matters covered by inspection* It is also part of 
his duty so to arrange his subormnates as to keep them busy and 
to properly care for the total work of the plant. 

268. Physical arrangement of inspection. The ideal system is 
to have 9, separate inspection roam for each department, into which 
all work is brought after finishing, and from which it is taken to 
the stores department, to be reissued for a subsequent operation 
if necessary, or for assembling into machine units or a complete 
machine. An arrangement of this kind gives a positive check and 
avoids the opportunity for working the same piece in twice, which 
has been known to happen. 

Where the work consists of large and bulky pieces this is not a 
feasible scheme as it involves too much transportation. In this 
case it is necessary to leave the work in the department. Dupli- 
cation and errors are avoided by the use of steel inspection stamps, 
usually more or less complicated in design to prevent imitation. 
This stamp is applied to the part inspected after it is passed. 

269. Speciflcations as an aid to Inspecting purchased materiaL 
Definite specifications help the inspector to determine if purchased 
material is to be passed or rejected. These specifications if property 
made out require considerable time and thought applied to each 
commodity. Materials which are repeatedly purchased and used 
for plant consumption are conveniently covered by specification. 
Among them may be mentioned, belting, oils, waste, paints, lumber, 
roofing, and the Uke. Among product parts and materials; met&b, 
in ingot or cast form, structural shapes, bars, and so on are 
usually included. 

An example of a purchase specification used by the Westinghouse 
Electric & Manufacturing Co., is given below. It is tak'en from 
an article published in the American Machinist, vol. 34, p. 976, 
by C. B. Auel. It is not only a good example of a complete purchase 
specification, but is of value in indicating the requirements of first- 
class belting. 

Leather Belting Specification 

General, This specification is intended to cover miscellaneoui Btses of 
leather belting for general use. 

MateriaL Belting must be of the best quality of oak-tanned leatherj free 
from all ingredients in any way injurious to the life or wearing qualities of 
a belt, or that simply add to its weight. 

Location of cuts. Belting mtxst be cut longitudinally; no piece of hide most 
exceed 54 inches longt widths less than 7 inches to be cut within 15 inches of 
the center of the hide; widths 7 inches and over to be cut from the center; 
neither shoulder, belly, side, nor flank stock, nor any padding or shimming 
will be p«-mitted; it must be of uniform thickness and width, and be per> 
fectly straight from end to end. 

Under a strong magnifying glass the way in which the leather luu been 
cut, whether longitudmally or crosswise, may generally be determined bv 
the follicles or hair cells, and if their direction is other than lon^tudinal, 
this may be considered cause for the rejection of the length of belting under 
' )n. 

Laps must not be less than 4. nor more than 8 inches excepting tbat 

t1)fllttng 8 inches and over wide, the lap may be i inch longer than the 

j'itkib belting; no lap should be within 4 inches of the end of a strip. 

"^^ b* tbofoughly cemented and when pulled apart, the exp9sed 

1M aot show any resinous, vitreous, oily or watery condition; 

R tie ^armitted. 




QUANTITY AND QUALITY CONTROL 193 

WetghL Bdtiog not waterproofed must come within the following range 
of weights, which must be guaranteed to be not more than lo per cent, in 
excess of the actual weight of the leather. 





Single Belting 


Width in inches 


Minimum weight, ottncea 
per square foot 


I to a 
aH to4 
4V^ tos^i 
6 and over 


13 
M 
IS 
i6 




Dottble Belting 


Width in inches 

X to a 

aH to 4 
4H and over 


Minimum weight, ounces 
per square foot 

It 

a8 



Physical properties. Belting must have an ultimate tensile strength, both 
in the leather and in the splice, of not less than 3600 pounds per square 
inch and most not show an elongation in a inches to exceed, 13 H per . cent., 
when measured under load of a a 50 pounds per square inch for i hour. 

Belting must not crack oi>en on the grain side when doubled strongly by 
hand with the grain side on the outside, nor must it show piping or raising 
on the grain side when similarly treated with the grain side on the inside. 
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Pig. 135. — ^Leather belt test piece. 

Test piecM having the following dimensions for, tensile strength and 
elongation will be cut from belting with a die. (See Pig. I35>) 

When belting is required for any special purpose, toe manufacturer will 
be notified as to the nature of the work, the maximum horse power, speed, 
and the like. 

Making, Belting must contain the manufacturer's name, trade mark or 
the equivalent, on every 10 ft. 

Rejection. The Westinghouse Electric and Manufacturing Co.,- reserves 
the right to reject any portion or all of the material which does not conform 
to the above specifications in every particular and to return the rejected 
material to the manufacturer or seller for full credit at price charged f.o.b. 
point oi delivery specified by the purchaser. If the material is to be replaced, 
a new order will be entered at prices, terms and conditions acceptable to the 
inirchaser. 

270. Various inspection metiiods applied to various manufac- 
tures. The nattire of the inspection will varv according to that of 
the product. For example, in the steel ball manufacturing trade 
the product has necessitated the development of special measuring 
macnines and devices in addition to special inspection methods, 
in which the actual work of inspection is largely accomplished by 
giri.4. Machine tools require inspection for accuracy of alignment 
of work holding and tool holding parts in addition to the inspec- 
tion of the various parts for individual accuracy and finish. En- 
gines and motors require additional entirely different, tests with a 
view to determining their efficiency. In outlining an inspection 
system, one of the first things is to determine what inspections are 
necessary, before deciding how they shall be jnade. 

13 
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271. Material Inspection. The inspection of material in the 
state received is known as material inspection, although it really 
consists in detecting defective labor in most cases, since raw ma- 
terials used in machine-shop practice are few. Among them may 
perhaps be included pig iron, other metal ingots, sand and day. 
Raw materials are b^t inspected by chemical analsrsis when their 
quality can be established thereby. Iron and steel shapes are 
often subjected to physcial tests for strength, as in fact all metals 
used in construction. Lubricating oils are tested for body, vis- 
cosity and coefficient of friction. Chemical and physical tests 
do not necessitate a complete laboratory for this purpose, al- 
though many large plants maintain them. The small plant may 
obtain the services of public laboratories for this purpose at a 
nominal charge. Oftentimes inferior products are delivered to the 
small plant on the assumption that these tests will not be made, 
so it is a good plan to have them made occasionally as a matter 
of policy. Where pig iron is bought to analysis it is quite important 
to check this up, especially when bad castings are experienced. 
An ounce or two of chips drilled from a number of pigs selected 
at random from the pile will be sufficient for analyzing purposes. 
If the analysis of the pig is checked against a similar analysis 
made by obtaining chips from the castings themselves, con- 
siderable light may often be thrown on the cause of the trouble. 

272. Inspecting material at the source. Materid is often in- 
spected at the source, either by means of inspectors who are sent 
from the purchasing plant, or through the service of consulting 
engineers who provide men for this purpose. This plan is adopted 
particularly where the amoimt of material involved runs into large 
sums, or the freight would be a considerable item, as for instance 
in the case of a special rolled metal section to meet certain specifi- 
cations for strength. In this case the manufacturer is quite likely 
to insist on inspection of the material as it is being made so that 
there will be no doubt of its acceptance afterward. When material 
is inspected at the source, it is unnecessary to say that each piece or 
part should be stamped or marked in such way as to be easily 
identified as inspected, and to prevent the shipment of uninspected 
material. The only inspection when received need be for the pres- 
ence or absence of this mark. 

273. Inspecting material when received. This is an important 
part of the duties of an inspection department, since it is cus- 
tomary not to allow for labor spent on defective material dis- 
covered after it is worked upon. The method of organizing the 
routine to cover this was described under purchasing, in (17^186). 
Tke proper time for this inspection is immediately after the goods 
are received and before they are delivered to stores. Unfortunately 
in some cases it is im[>ossible to detect defects until cuts have re- 
moved the surface of the material, as in the case of interior flaws 
in steel forgings and bars, internal blowholes in cast iron, steel and 
malleable castings and the like. 

274. Design inspection. The in^>ection for de^gn was covered 
under drafting room management, m (88). Errors which are not 
detected are constantly slipping through, resulting in loss due to 
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defective design. The only thing to do in this case is to see that 
th^ are promptly corrected, and to charge them up to the defective 

376^ Records of defects. Records of defects according to the 
three principal classes into which they fall, design, material, and 
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Pig. 136. — Defect report. 

workmanship, should be kept, dther by weekly or monthly periods. 
Further classification into departments is desirable. The West- 
inghouse Electric & Manufacturing Co. tabulate these graphically 
as shown in Figs. 137 and 13711. 
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Appara+us Found Defective 
in Test DoptHo.6. 

Pig. 131. — Giaphico] defective leport. 

To obtain proper informalton regarding detectives, defective 

slips are used in some plants to record them as discovered and assist 

in the tabulation of the periodical report. One of these 13 shown 
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not the defect is chargeable against the operator, 
piecework or other special compensation systems in which cor- 
rections of pay are made on this bams. 

27S. VanouB peraons en^ojed to tnipttct for workmaiuhip. 
While as a general rule, inspectors are employed for this purpose 
there are exceptions. In some cases the foreman of the depart- 
ment acts as the in^>ector in addition to his other numerous 
duties. In such cases the inspection cannot of necesdt^ be thor- 
ough. Practically the only form possible is selective inspection. 



f 



Pig. ijth- — Criphical analyiis of defect!. 

mentioned in (aSo), or first piece inspection described in (1^9). 
In the case of a number of automatic machines or other machines 
in which the quality of the entire output depends largelv on the 
original setting, the foreman or machine btns may perform the 
functions of inspector with satisfaction, although theare is always 
present the possibility that he will tend to favor his own output 

Sometimes the workman himself acts as inspector. In one plant 
where there were few changes in the personnel of the working 
force this scheme was adopted with success on the screw ma- 
chines. Tfiis was made feasible owing to the fact that Mmilnr 
work or repeat orders always went to the same individual so that re- 
sponsibility for poor workmanship could be traced back to him, no 
matter where or when discovered. 

Another scheme in which the workman acts as inspiector, is where 
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he performs work on a part that has been previously worked upon 
by someone else, and is neld accountable for all labor which he puts 
on a defective or spoiled piece. It is therefore up to hiTw to be 
on the lookout for such pieces and to report them to keep his 
count dear. , 

on, operation Inspection is the inspection of each operation 
as distinguished from the inspection of the completed piece. It 
is necessary when the labor involved on previous operations woidd 
amount to a great deal if the defect were not discovered until the 
piece was finished. This form is comnionly used on large work, 
in which case it ap|)lies to each piece put through. On small 
work, where operation inspection is employed, it is in connection 
with first piece (see 279) or selective (see 280) inspection, since 
it woidd be too costly to examine every operation on each piece in 
quantity production. 

. 278. Piece inspection. Where the operations are but few, and 
their cost is little, it is sufficient to make an inspection of the com- 
pleted piece, all operations being considered at that time. This 
may be done selectively, or on each piece put through depending 
on the class of work involved. Part inspection saves transporta- 
tion when a closed system of stockkeeping is employed, since the 
piece may remain in the department until completed. 

279. First piece inspection. Sometimes only the first piece is 
inspected. This is in cases where the machine employed depends 
for the accuracy of the product on the original setting up, and 
where several thousand pieces may be produced after this without 
the necessity of further inspection. Particularly in the case of 
automatic screw machines working on soft bar stock at moderate 
speeds and feeds. Sometimes the first piece inspection is com- 
bined with successive infections at more or less regular periods, 
as every hour, or every half day. Press work may be included 
under this heading. 

280. Selective inspection. This is based on the law of averages 
or probabilities. For example, if ten pieces selected at random from 
a lot of 100 were inspected and found to be satisfactory, the proba- 
bilities would be strongly in favor of the remaining ones being so 
also. In case some of the ten were found defective it would be ad- 
visable to examine further into the lot, possibly inspecting each 
piece. Selective inspection is practically the only possible way to 
examine the thousands of parts which come from automatic ma- 
chines, stamping presses and the like, where individual inspection 
would add enormously to the cost. It is figured that the few pieces 
which should slip through under this system will be discovered 
and discarded before they are combined into the finished machine, 
providing there is a serious defect present. 

281. Inspection of unit assemblies. Aside from the methods 
of piece inspection described above, the method of inspecting unit 
assemblies may be used. This is especially valuable in the automo- 
bile industry, where it would be a much more expensive matter 
to test for all defects in all units only in the completed car. So 
thorough is the unit assembly inspection in the Ford plant, that no 
test of the finished car is thought necessary. 
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282. Operatiye inspection. This is usually the final test of the 
complete machine. It varies as to the purpose of the machine, 
and is more specialized for this reason than any other inspection. 
In the case of an engine it would consist of taking indicator cards, 
applying a load, testing for overload ^n4urance, testing the bearings 
for heat, the governor for regulation, and so on. Instruction cards 
are absolutely necessary for such a test, but are usually in the form 
of reports to be filled in by the tester and recorded under the 
machine number. Where unit assembly tests can be made it 
reduces the work of the final test, although not so always,- as in 
the case of a steam engine or a machine tool where much depends 
upon the accuracy of the final assembly. 

283. Inspection of the complete machine by designing depart- 
ment In the case of engineering constructions and particulariy 
where machinery is built to the customers' drawings and specifica- 
tions, it is sometimes the rule to have a representative of the draft- 
ing department make a final check of the completed machine against 
the drawings, so that there will be no chance for a ''comeback." 
This is in addition to the operative test, which may or may not 
have been made under the supervision of this department. 

284. Shipping inspection. Especially on material which is 
fragile, or which is boxed for export or liable to rough handling 
in transit, an inspection of the material after crating or boxing is 
desirable. It is not necessary on all material shipped, in some 
plants but few items a week would require it, but judging from the 
number of complaints received from this source a smaU investment 
along these lines would be profitable. Such procedure should 
investigate not only the actual crating and the completeness of 
the shipment, but the lettering and marking of the consignment. 

286. Other various inspections* In addition to the foregoing 
which have been solely connected with product, there is plant 
inspection and equipment inspection. These may be further di- 
vided as follows. 

Plant Inspection. 

As to maintenance of buildings. 

As to maintenance of grounds and arrangement of materials. 

Equipment Inspection. 

As to maintenance of machine tools and productive machinery. 

As to condition o£ small tools, jigs, fixtures. 

As to the transmission equipment; belts, pulleys. 

As to transportation facilities. 

As to safety devices, fire protection. 

As to sanitary conveniences. 

Most of these topics have been treated in separate headings under 
equipment. Inspection of these details is as vital to the successful 
management of a plant as the careful inspection of the product for 
lity; especially of the last two which have to do with the safety 
l^.tilie employees as well as insuring an uninterrupted course of 
:tuie. 
leral principle involved in all of the above cases is to 
sign responsibility for each item; arrange for regular 
and insure formal reports of such inspection. The 




QUANTITY AND QUALITY CONTROL 199 

state, and fire insurance and accident insurance companies conduct 
such inspections, but this should not be construed as sufficient. 

ROUTING 

286. Routing. Routing may be defined as the selection of paths 
over which the product parts travel during their transformation 
from rough to finished pieces. It is standardization of sequences. 
Its object is to determine the lines of least cost for each particular 
part, and then insure that these lines are followed. 

Routing is distinct from dispatchingj but must precede it, inasmuch 
as we must have definitely plann^ routes before we can assign 
time schedules for arriving and departing at the various stations. 
It is not always followed by the use of a dispatching system however, 
for many plants whose output is too complicated to consider con- 
trolling or dispatching the elements according to definite time 
schedules, can profit by routing. 

287* One of the advantages of routing is the saving effected in 
mental energy of those in c)iarge. In the shop where routing is 
not done, the foreman must arrive at a decision regarding each piece 
machined under his jurisdiction, with regard to: 

What operations are to be performed? ^ 

In what order or sequencer 

For each operation: 

What machine is best fitted for it? 

Which operator can do it to best advantage? 

These decisions all require concentration of mind, take time and 
mental effort both of which must be conserved as the average fore- 
man has plenty of demands upon them without sp>ending them un- 
necessarily. Again, best results are not obtained in the quick 
thinking necessary on such matters where instant decision must be 
made, and the efficiency of the department suffers in conse<^ue nee 
of improperly assigned work. Routing simply does the thinking 
and makes the decisions once and records them so that they are 
on hand whenever the part comes through again. 

Shop activities, with the millions of parts traversing an endless 
variety of paths, are infinitely more complicated than all of the 
railroad train operations that occur daily in our coimtry. The 
analogy to the train is a close one however, the part starting from 
a certain point, stopping at others and finally reaching the terminal. 
A train run from San Francisco to New York without a pre-deter- 
mined route, the tracks and station stops being selected according 
to the judgment of each relieving conductor, nught reach its des- 
tination eventually, but it would be an example of inefficient 
and dangerous operation, and it coidd not possibly get to the desti- 
nation on time. The same degree of inefficiency exists in the plant 
where the various department heads exercise the decisions regarding 
the sequence and nature of operations on Uie parts macUn^ in 
their departments. 

288. Planning the routes. Probably the most logical place to 
plan the routes is in the drafting room. (See 92.) Here a control 
of design is possible to suit manufacturing conditions. The prac- 
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tical experience which is to be fouod in the sb<^ and which b 
sometimes deficient in the draf ling_ room, may be combined by the 
use of committee work on new de^gn, as iadicated Id (35). 

Wherever the plamiing of routes is done the prinaplea to be 
considered are the same. The order in which they are to be taken 
up is as Callows. 

389. (a) Whst operations are necessary? This is not a difficult 
problem, but it gives rise to opportunities Cor changes in design on 
new parts that would not be thought of except in connection with 
this subject. The degree of accuracy with which each operation 
must be performed is to be considered at ihi< point, as havug large 
bearing on the subsequent planning. 

290. (6) The proper sequenM of opanttlaiu. This subject is 
to be consdered from several viewpoints. In quantity manu- 
facture, the jig design for various operations will depend largdy 
upon the state of completion of the part subsequent to tlie operation 
considered. Those which require the most careful location need 
the advantage of already fimshed surfaces to locate from. Flat 
surfaces are always desirable in placing work upon machine tables, 
since it avoids wedging and shimming up, thus saving considerable 
unnecessary time. Enclosing jigs, which are necessarily heavier 
than the part contained often raise the total weight limit to a point 
which makes handling an inconvenience. Where location is 
from a finished bore or hole, the enclosing jig may often be replaced 
by a template or attached jig weighing but a fraction as much. 

S91. Another point to consider is the general line of travel through 
the shop, especially in routing larae work. In this case, the 
machine location to a large extent detcimines the routing, for if 
the planers are nearest the foundry door it would be advisable and 
save transportation if this work is done first. Sometimes routing 
instead of being secondar}^ to machine location, becomes the 
underlying element in location of machines and even in the con- 
struction of the plant. (See 144.) 

393. (() The machine or machinM best adapted to perioim euh 
operatkni. Those who do the routing must have complete informa- 
tion at hand regarding the capacities of all machines in the plant. 
This is best handled in the form of data sheets, shown in Fig. 11. 
In addition to this there must be available a knowledge of the 
peculiar characteristics of the various machines outside of theii 
actual capacities which makes one machine superior for certain work 
when compared with another almost identical in type. Often the 
r comes into the question of routing, es- 
vhich requires great accuracy, or on woA 
to the limit in cost on account of selling 
[ the latter, the low rates of apprentices 
able to rescue some low-priced ]ob from 

importance to apply it to all of the in- 
other sources such as time-study, records 

should also consider inspection layout as 
lation of what inspections a 
he route cards. 



QUANTITY AND QUALITY CONTROL 201 

29S. Selective machine routing. When standard parts are 
rout^, it is often desirable to denote a variety of routes wliich are 
permissible, to provide flexibility of control. 

This is especially so when it is not considered wise to plan all 
actions from. a central office, but to allow the foremen of depart- 
ments considerable leeway in arranging their work to avoid con- 
gestion. In a case of this kind, there are certain machines which 
might be used for a given operation, and certain ones which woidd 
not be under any circumstances. If preferences in the matter of 
machines be indicated by the arrangement of their numbers on the 
route card, and the numbers of all which could possibly be used for 
a given, operation be included, this selective routing relieves the 
foreman of considerable thought without detracting in the least 
from his personal control of the department. Examples of selec- 
tive maclune routing are shown in Fig. 140. 

294. Degrees of routing. 

(a) Dbpartmbnt Routing. (Pig 138.) 

Route Card 
Part — Main Bracket for Working Head. 
Pattern No. Z-34S. Drawing 6-336. 

I. Foundry. 

3. Cleaning shed. 

3. Planing department. 

4. Turret lathe department. ' 

5. Lathe department. 

6. Drilling machine department. 

7. Assembling department. 

(fr) Operation Routing. (Pig. 139O 

Route Card 
Part — Main Bracket for Working Head. 
Pattern No. Z-345 Drawing 6-236. 

1. Mold. 

2. Clean. 

3. Sand blast. 

4. Plane side and bottom. 

5. Bore main hole. 

6. Bore side hole. 

7. Turn tit. Inspect. 

8. Drill for head piece. ^ 
p. Drill for side lever pin. 

10. Drill oil hole. 

II. Assemble. Inspect. 
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296. Degrees of routing. The degrees of routing may vary from 
a simple designation of the departments which are to receive and 
work on the part, stated in consecutive order, to a schedule which 
involves each operation and designates the particular machine to 



202 



MACHINE SHOP MANAGEMENT 



do it. Examples of various degrees of routing are shown in Figs. 
'3^1 139 &i^d 140. That shown in 138 is an elementary form des- 
ignating departments only, but is of great value if used for nothing 
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else than as a guide to the proper issue of orders. This is especially 
true where new production clerks are employed who have no knowl- 
edge of the practice of the shop. 
m. Forms for recording routes. These are almost infinite in 
iriety and number according to the degree of routing entailed and 
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the complexity of the processes. In many cases the route-forms 
are combined with other functions, such as tracing sheets. This 
is especially true where special orders are routed and their dupli- 
cation is not frequent. On standard repeated parts it is more 
economical to have permanent independent route cards for each 
part which are filed in a card index under the symbol or drawing 
number of the part and which are referred to as required. An 
example of a sheet which combines the tracing and routing func- 
tions is shown in Fig. 141. 

297. Routmg as a basis for plant arrangement and machine loca- 
tion. In ' ' one-product * * shops, the route uaveled by the part should 
determine the arrangement of the machines, the transportation 
facilities and even the form and design of the plant buildings, 
to secure a minimum cost of production. When the work becomes 
more complex it is difficult to find one definite arrangement which 
will be equaUy suitable to all parts going through. However, there 
is alwa3rs one plan that will oe the best on the average. The de- 
termination of this is helped largely through a study of the route 
cards in connection with the weights and quantities of parts handled, 
by means of which the amount of transportation for various ar- 
rangements can be mapped and judgment of the best arrangement 
miade easy. (See Fig. 46.) 

298. Using the route cards in laying out transportation facilities. 
An efficient transportation system must accommodate itself to the 
paths of the product. Routing forms a basis for judging the nature 
of the transportation facilities required, their location and extent. 
The route cards, and the "transportation factor" obtained by 
multiplying the product of the weights, quantities and length of 
paths, give defimte help in lajrin^ out transportation schemes. 

299. Connecting the routes with shop ai^vities. A simple de- 
termination of the best routes and sequences is of no value unless 
it be applied and followed. How this is done depends on the 
structure of the shop-order sjrstem, with which routing is inti- 
mately connected. Where a central planning department is in- 
stalled, all orders originate from this department, therefore the 
routes are designated upon the orders at this point, or origin of the 
order, by the order clerk. The manner of doing this will depend on 
whether operation orders or complete process orders are used. In 
the first case the individual operation order tickets will be made 
out specifying the machine or selective machines to do the work. 
In the latter case, a route ticket or job card will probably accom- 
pany the work from one machine to another, portions of it being 
detached and sent in when the operations are finished, as a means 
of locating the progress of the order. In other cases the trans- 
portation of the material is also handled from the production office, 
"move tickets," or move orders being issued, directing from 
where and to where certain work is to be transported, Fig. 163. 

300. Where work is routed from the draftmg room, the results are 
recorded in the shop office on cards, the procedure after this being 
the same as above described for standard parts. Special orders 
and new designs which are not standard sometimes have the route 
sheet attach^ to the list of parts, or incorporated to form a part of 
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it. (See Fig. 141.) This gives an illustration of a form in which 
three functions are combined, namely, the bill of material, route 
sheet and tracing sheet. 

801. Where &e control is to be vested with the depBitaaeat 
foreman, he is provided with selective route cards for filing in a 
convenient index in his department. Either he, or his clerk refers 
to these cards in connection with the work orders received, and notes 
upon them the machine and man number to do the work. Special 
orders under this plan would be routed only as to operations re- 
quired, the selection of the machines being left to the foreman. 

309. Relation of routing to time and cost keeping. The value of 
definite routing is indirectly but effectively reflected in more 
accurate costs. This is because the various steps in the process 
concerned are definitely standardized, so that there is no chance 
for a misunderstanding as to what is included in a given time re- 
port. The degree of refinement of time-keeping must therefore 
depend on the degree of routing employed, for when separate time 
is kept on individual operations it is quite necessary that these op- 
erations and their sequence be listed. 

303. Relation of routing to stores. While routing is not im- 
mediately connected with the ordering of stores or maintaining the 
balance of stores, the route sheet especially when combined with a 
tracing sheet is often used as a source of information for the issue 
of stores orders for the purchased parts that go with the material 
under construction. Where the bill of material route sheet is 
used, the items of stores are included imder each production item 
and tickets calling for their delivery may be made out as soon 
as the order is received. These tickets are then placed in "work 
ahead" racks where they remain until called for by the assembling 
foreman or other individual having need of them. This scheme 
relieves the foreman of clerical work, and in addition provides a 
means of checking the various items of stores to anticipate future 
required deliveries. Where the transportation system is em- 
ployed, the move men receiving their orders directly from the 
production office, these stores orders are filled and delivered by 
the move men at the time that the castings are taken to the assem- 
bling bench or floor. 

304. Routing in the small shop. It is unfortunate that some of 
the features which have existed under good common-sense manage- 
ment for years should be attributed strictly to new management 
sjrstems which have simply given them a name. For instance, 
every capable foreman has conducted a routing system of one 
kind or another, either in his head or on paper, or both. One of 
the most useful applications to the small shop consists of the note 
book kept by the foreman, in which new work is recorded as to how 
it was performed, by whom, the tools used and the results. Nowa- 
days we would call this routing, time study, tool-standardization, 
and so on. It really comprises most of the valuable points of ail 
of these things and is a mighty useful thing to turn to when the 
same piece occurs again. In the small shop, the limited number of 
machines makes it desirable to combine this record of the sequence 
of operations with sketches of the tool set-up and possibly time 
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records of the results, ^nce the foreman who compiles this infor- 
mation is likely to have rate-setting as one of his accomplishments 
in case piece or premium or like methods are installed. In case a 
book of this kind is to be kept, and it is highly desirable and 
profitable for the small shop foreman or superintendent to do so, 
let it be of pocket size with detachable or loose leaf pages, since as 
this matter grows it will have to be arranged differently from time 
to time. One page of such a book is illustrated in Fig. 142. It is 
not necessary to have printed forms for this purpose, plain blank 
paper will answer the purpose, for it should be remembered that 

forms are only conyen- j ^^.^^ /^^^^,^ n 

lences and have nothing r\ ^ ^^ 2- j^yj' ^ 

to do with the value of 
what is written in the 
spaces provided. And it 
is better to have a com- 
mon note book with 
thumb prints on its pages 
testifying to its use, than 
fireproof steel filing cabi- 
nets fidl of ' beautifully 
engraved forms that are 
filled and filed mechani- 
cally but seldom used. 
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14a. — The small-shop foreman's note 
book.- 



DISPATCHING 

906. Dispatchfaig. Dis- 
patching in the factory is 
similar in purpose to 
train dispatching, name- 
ly, to start a piece at a 
given time and to be able 
to know when it is going 
to arrive. It is unlike 
it in this wav, that where- 
as on a railroad line the 
dispatcher has to do with 

not more than a dozen trains a day at the most, the factory dis- 
patcher has to do with hundreds of pieces, and they travel more 
different roads than all the railroad systems in the country. 
From this, it may be seen that' it is a difficult proposition, and 
one that has been worked out to a detailed success in but few 
shops. And those plants have been what may be called ^^one- 
product" shops, although some of them make several sizes and 
modifications of the same product. 

906. Dispatching is possibly the last refinement in specialized 
manufacturing, for routing, time study and standardization must 
necessarily precede it. P'or to dispatch we must know the route, 
and to set the proper time for the article to be finished we must 
know how long each operation is going to take. We must also 
know the exact condition of each department with respect to pros- 



206 MACHINE SHOP MANAGEMENT 

I 

ent orders, or how far up to capacity it is, so that we can plan when 
the piece in question may be put through it without interfering 
with something else. 

807. A dispatching system comprises tbje following elements: 
(a) An index of route cards showing the standard routing for each 
piece. 

(b) Individual order blanks which are filled out for each ''sta- 
tion" on the route showing the arriving and departing time of the 
work. 

(c) A capacity record for each department oi "station" which 
shows how much work is already in that department and permits 
dates to be assigned for the various operations. 

(d) A follow upy or tracing system by which the operations are 
kept from falling behind. This may be compared to the station 
blackboard which shows how far each train is behind schedule or 
whether it is on time. 

Route cards used in dispatching are the same in principle as 
those described under "Routing" (287-299). 

The individual order blanks may be of any particular form. 
Work ahead orders are sometimes held in the central production 
office, and sometimes kept in the department which is to do the 
work. This depends upon whether the policy is to load all ma- 
chines from the central production office, or to load departments 
only, and load the machine through the directions of someone in 
the department. Returns in any event must be made on all orders 
to the central production office so that the follow-up records may 
show that the article has passed a given point. 

308. (e) Follow-up systems are of many kinds, some operating with 
cards and some using a ledger or book scheme. The principle of 
all of them is the same, namelv, to record the date of passing sta- 
tion points, and to show up all orders which are delayed so that 
they may be put on a "black" list and given special attention. 
At the Cleveland Twist Drill Co.'s plant, the follow-up cards are 
held in open racks by individual clips, so that the right-hand edge 
of each one is visible. On this edge are printed the various dates 
in the month, and indicators are slipped over the card showing the 
date that it is due at the station. When that day arrives, the 
follow-up clerk in making his inspection of the cards wiU note the 
ones that are due and pull them out for investigation. Of course 
these cards are transferred from rack to rack as the piece in ques- 
tion proceeds, and the indicator is changed to show when due at the 
next station. 

It may be imagined that the large variety shop and the jobbing 
shop would have their hands full in attempting to operate a full dis- 
patching system. Various modifications of this, however, in the 
form of "Steering Systems" and "Tracing Sheets" are in use for 
such plants and for others who do not wish to go into such refine- 
ments but still feel the need of some systematic way of following 
work through the shop. 

809. The successful use of a production control scheme of any 

id is closely connected with the method of issuing shop orders, 
g slips, and so on. A« before mentioned, complete control 
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of production is a possibility only when the time re<}uired for each 
operation is definitely known. Bearing this fact m mind when 
considering the advisability of installing such methods of control 
will often save money and wasted effort. 
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Pig. Z43. — Master card. 



MR.. 



.DATE. 



OflDCR NO.. 



.HAS BCCN CLOSCO. 



PLCA8C.8CC THAT NO MORE TIME IS CHARGfcD TO THIS ORDER. 



Futm iSi 



Am. Machinist 



Pig. 144. — Information slip. 

810. A frequent method of scheduling is by means of work 
tickets for jobs ahead placed in racks arranged to represent the vari- 
ous machines or assembling gangs. A system of this kind was de- 
scribed by Henry W. Johnson, in the American Machinist, vol. 
40, p. 225, being that used by Uie Providence Engineering Works 
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to keep track and control the efforts of 400 men working on lots 
varying from 1000 complete auto trucks to a single gear for a 
local garage. 
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Pig. 145. — Stock and stores order. 
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1 



AM.M/CHINIST 




Pig. 146. — Tool equipment estimate. 

A card, which is termed the *' master card" is filed in the 

superintendent's office, and is used to keep track of the work in 

general, metal clips being slipped over the dates on the top of the 

d indicating when the order requires attention. Notes are made 
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on the backs of these cards relative to correspondence with cus- 
tomer, data, and the like. 

From these notes information is given the various departments on 
forms such as indicated in Fig. 144. 

Production lists are compiled by the engineering department. 
From this list material is ordered, both purchased and such as is 
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% Pig. 147. — Tool record. 
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FiG. 148. — Tool requisition. 

manufactured. Receiving slips are sent to the scheduling depart- 
ment as soon as outside material is received, so that the records 
may be checked. This material remains under the control of the 
stock-keeper until requisitioned by the scheduling department on 
forms shown in Fig. 145. 
14 



210 



MACHINE SHOP MANAGEMENT 



r 

E 



3-^140 



o 

R 



K-7'2 



L 
O 



o 
p 



3 



DATE DUE 



io-3-^o 



NO H0UR9 



ro 



NO. PIECES 



3o 



A scheduling system, particularly when it must handle new work, 
must be connected defimtdy with a systematic method of providing 
tools to do this work, which must also be completed on schedule 
so as not to delay production. In the plant described, it is the duty 
of the engineering department to make drawings of the tools neces- 
sary immediately after completing the shop drawings. This is 

done in connection with committee consulta- 
tions between the head of the tool department, 
the chief tool designer and the foremen of de- 
partments concerned. Operation lists, on a 
form indicated in Fig. 146 prove of value in 
this connection. 

Tool requisitions such as shown in Figs. 147 
and 148 follow this, calling for the delivery of 
the tools at a certain date and providing space 
for the inspector's signature, which indicates 
that they are O.K. for the job. 

The actual control of production is through 
individual work tickets shown in Fig. 149, 
which are made out for each lot and operation. 
These are filed in slits on a scheduling board, 
^e sUts being >i9 inch wide and i inch long, 
ninety-six slits to a. colunm and twenty-four 
columns to a board. Each board represents 
3 months in time, the line of slits rimning 
cross-ways representing the days of the month, 
and the vertical columns representing machine 
tools. ;ach board representmg 3 months' work 
of twenty-four machine tools. Sometimes 
y^J-AjA^' tools of a similar character are grouped to- 

^■^^^^^'^'H?' gether, the work being assigned to the ^oup 

ff instead of to individual tools. Various sign^ 

flags, shown in Fig. 150, represent various fac- 
tors or conditions in connection with the job 
ticket, and are^laced ahead of the job ticket 
in the slit. Thus a red number indicates Uie 
day that the job has been received at the ma- 
chine and is ready to be worked upon, and a 
r" black one indicates that work has commenced. 
^ The work of placing these signals is done 

Porm i^^ by a scheduling clerk who receives his infor- 

mation through slips sent in from the shop, 
some of which are shown in Figs. 151, 152 
and 153. 
Through these methods, the actual state of the work in all details 
is apparent upon the scheduling boards. The foremen of the various 
departments are encouraged to consult these boards frequently. 
In addition to this, control. is exercised through sending inquiries 
to the various foremen in the cases of parts falling behind schedule, 
calling for explanation. Fig. 154 represents one of these. 

Traveling slips, called travelers, Fig. 155 which correspond to 
' ^b tickets, are sent through the shop in connection with the pieces 



^LASS or WORK 



NEXT OPER. 



Fig. 149. — Control 
tickets. 
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to be machined. When a lot is split for any reason, the color of 
the traveler is changed, becoming blue, whereas the original one was 
buff. Red travelers are used to indicate rush work. The cost of 
scheduling work in the shop described was $90 per week, being 
done by one chief clerk and six assistants, a great deal of the work 
being accomplished by inexperienced men or boys. 
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Fig. ISO. — Signal. 
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THIS JOB IS BEING DELAYED BECAUSE 

iDATC NCRC ^^^^^ iioii-Mi*.- 



Fig. 151. — Delay slip. 

The above description will serve to impress the point that a 
scheduling system must not only be based on accurate time study, 
but must have the other shop system elements arranged in con- 
formity to it, so that the whole may work to one end. 



MACfflNE SHOP MANAGEMENT 



oaocv NO 


iOO NO 


•caiAb NO 


kor NO. 


OPtll NO 


euao or wonii 


•wr oroNOP 


MACHINC NO. 




THIS JOB WAS 




riNISHElP 





« 


PMmun 


' •iON Huic 



Pig. 152. — Finish slip. 



OROtN NO. 


JO* NO. 


•CRUk NO- 


MT NO. 


OWN NO. 


CUM or WOHil 




•CCT or ONOP 


MACNINf NO. 


THIS JOB WAS 
STARTED 


"• IM» 


""mnHH 




Pwrmn* 




Kiic 



Fic. 153. — Starting slip. 



Orter Haw 



7ob X0. 



■otal !!•. 



IM 99. 



of Wo>k 



of 



yf«^M«^ Haw 



Mr. 



We think that the above job due to have been started 

on. . . . . • •L .hasbeen ready to work on 

lor. days. If there vas any reason why thb work 

covM not be started, other than work ahead, a Dchfod slip shohld 
have been sent in. Please give this work your attention, advise on 
back of this slip what b delaying yod and when you expect to start, 
and return this slip to the 
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Pig. ISA- — Notification that parts are ready for processing. 
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SCHBDULmO 

811. la operating a scheduling system, care must be taken to see 
that the S3rstem runs the shop, and not the shop the 83rstem. In 
many plants, expensive records are the result of such work, records, 
since they come after the fact and not before it as they should. 
In installing a system of this kind, it is hardly necessary to say 
that after it has been carefully studied out and planned to meet 
every possible contingency or thought-of objection, it should be 
installed part at a time, commencing with the group of machines 
which appears to be the easiest to handle, and extending it only after 
this group is under thorough control. If it is put in as a whole, 
confusion is sure to result and the result will likely be so discourag- 
ing as to call for abandonment of efforts along those lines. 
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Pig. 155. — Travelling slip. 

312. Approziniate schedules. A compromise system of planning 
is sometimes effected, going a little further than plain routing, but 
without the daborate det^ul of dispatching. Tms may be called 
special order scheduling, since it consists in working back from a 
promised date of shipment and arranging the shop activities in 
connection with the final shipping date. 

A system of this kind is hdpful in keeping promises of shipment 
inasmuch as it is a step in advance of hit or miss methods,* but must 
be used with judgment as otherwise it will work injustice to orders 
which have not been definitely promised for shipment but which are 
side-tracked on account of the scheduled orders. To avoid this, 
the promises made on shipments shotdd be rather made as a result 
of the preliminary schediuing, and based upon what is found to be 
possible. 

313. Mechanical helps hi controlling production. Various 
mechanical schemes are used for control, tracing, and so on, and 
are based upon the theory that graphical or mechanical elements 
are more easily grasped and their real meaning made more apparent 
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than a simple cotlectioD of numerical figures. In other words, 

figures are moaotonons and have little individuality to the average 
derk, who wil! handle them as provided by routine but will not 
grasp the actual meaning which is essential for successful results. 
A production board also has the advantage of being accessible or 
visible to a large number of people who are interested in production, 
therefore matters needing attention are more likely to get it 

314. The H. H. Franklin Co., of Syracuse, manufacturer! 
of the Franklin car, have a most complete production board upon 
which all events are planned, timed and traced. Horizontal dis- 
tances are considered as units of tijne. Thus, each working day is 



Pig. IS7. — Detail of the itationa. 

represented bjf a half inch of space. Every operation or event in 
connection with building a car is shown upon this board. The 
length of time re<juired for such operations has been previously 
accurately determined by time study; without this information a 
system of this kind could not be operated. The manufacturing 
schedule which is determined by the management to meet the 
demands of the coming sea-ion, is used first to lay out the required 
quantities and final assembling dates, which from the information 
already at hand and laid out upon the board, determine Ihc 
timing tor each previous event in the entire process. This is then 
translated upon the control board into a planned performance 
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schedule, so that the position in working da3rs ahead of the finish- 
ing date is shown for each event. As the work proceeds, the attain- 
ment results are noted upon the board in connection with the planned 
dates, only those which are behind schedule being subject for atten- 
tion. This board is arranged with mechanical conveniences and 
is thus described by Geo. D. Babcock, production manager of the 
Franklin Co. 

It became evident from an early study of this plan that charts or drawings 
would not be sufficiently flexible to carry it out with economy and comfort, 
and a mechaniciJ device was designed and constructed in our works which 
seems to have fulfilled this requirement perfectly. It is rather elaborate 
in its form. Pig. 156 will give a general idea of construction and layout. 
This illustrates the master control board. The detail of the stations is 
shown in Fig. 157. The white block sets of each station which includes the 
number and base marker are }i inch square and stand 2 inches out from 
the board. 



D\VG. N'ey^^y^ ^ATBRIAL .^.^ • 

J0D8 /^r ik9r JidS- 


PiBCBsr*. y iV^ 

BTYLEai*. 
»•. PBB ^ 

2IACHI2IB 


OBDERBO 
FBUM 


n^9 


a9.P 


n9.^ 


• 


OBDER N'o. 


SL^i/9 


lil> 


Aid) 




S'0. 
ORDKRBD 


In 


t<ri 


In 




DATE 
OBDERBO 


"A, 


%>-/^ 


U 




DATE DOB 






V'S 




DATE and Xq. 
BECEIVBD 


% /-f 


V* ix 






BBMARK8 »i-Z ^ Xi^v^ 0(^. liZ 


1 







Fig. 158. — Bullard master card. 

The face of the board is made of }^ X H-inch metal 8tri;>8. The cages of 
vanadium steel can be clipped on to the strips at any point. The face of 
the strips can be slid horizontally and allowed to rest, thus changing the 
position of any particular part but maintaining the time setting of each 
event of the part. The board can be opened at any place and one or more 
new parts inserted. 

The complete record of our work is taken from these boards by photographs. 
The time saved by this and the fact that we pay no attention to items that 
are up to schedule has more than offset the cost of preparation of the equip- 
ment and is now a continuous asset. 

The fact that all our data are displayed publicly to our supervising force, 
and also that all individuals throughout the works receive their instructions 
from this source maintains a high degree of accuracy, much higher than we 
were ever able to obtain when using paper records. ^ 

From the standard board as shown and through the mechamsm 01 the 
board, the schedule section write and date manufacturing orders, job cards. 
stores issues, move tickets, and tags. Any set rate of accderation or uniform 
effort can be changed by the production manager inside of a few hours and 
Ae whole scheme of date of production be changed within 20 days to exactly 
&gree with the new plan, and this without confusion. If we wait 20 days 
after an>; such change the orders in the works will have expired and the new 
orders with new dates will follow into process. 
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SIB. Diqwtching at the BuUard pkaL A chart system of dis- 
patching iuiil planning is used by the BuUard Machine Ttx>l Co. 
of Bridgeport, Conn. (American Machinist, vol. 34, p. 1066.) 

The permanent written and plotted records used solely ^or thb 
work of routing and controlling consist of two files of cards and two 
sets of charts. One card file la for the master cards, the other (or 
the operation cards. One series of charts gives the departmental 
capaaty and progress of jobs for each shop department; the other 
series gives the progress of each job, both completed and uncom- 
pleted, from the time of installing the system. 

Other ^op records are used as a source of iofotmation, but all 
of these were in use in thdr present form prior to the adopting 
of the methods bring described. 

As a temporaiy record a letter is sent to each department fore- 
man every Monday morning scheduling the work to be done in hia 
department during that week. 



Pic. IJ9.— Truing »h«t. 



6 Pinab. 

The master card serves for four successive lots of machines. 
In Figs. 15S and 159 three lot numbers are shown, 147, tGS and 205, 
with the fourth column blank for the neit order. The data in these 
columns concern raw material. The first four items are filled in by 
the order clerk when he placed the outside order. The line, 
"date due," is filled in, depending upon the need of the shop, and 
the information upon which it is based comes from the department 

Coincident with the filling in of the first four items on the master 
card by the order clerk, he writes a corresponding work tag (see 
Fig. 160). If the rough stock corresponding with this tag is in the 
storeroom, the tag is immediately passed to the clerk who cares 
for the master- and operation -card files. In case the rough stock 
is not on hand the tag is filed by the order clerk unti! it is received. 

A specimen operation card is shown by Fig. 161. There is one 
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Pig. i6o. — Travelling tag. 
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HEADStdcK. 

OlT. 



8td. Time ^ 



Job No. ^f *io:> 



Fig. 161. — Operation order. 
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such card for each operation on every piece manufactured. These 
cards are used over and over again as successive lots are made by 
merely changing lot numbers. 

The catUroIis by means of charts, one oiv/iucb Is sbo'Kn in Fig. i6j. 

The heavy black lines on thii chart represent the standard hours 

which it IS planned that the jobs will take. The dotted lines are 

filled in from week to week and indicate the actual number of hours 

OeptZS July August Setrtember October 



that have been applied to each job. Thus it may be seen from the 
nearness of approach of the two lines how neat the job is to com- 

getion. A system of this kind is only possible where standard time 
IS been determined with a. great degree of accuracy. 
An additional chart on the same plan as the one shown is also 
used, to distinguish between department and machine capacities. 

STEERIAG AND TRACING 
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pieces pass given machines on their way to completion. Often this 
form and the bill of material may be one and the same, originating 
in the drafting department. (See Fig. 15.) Columns are provided 
for the principal machines. It is not usually necessary to check up 
each operation, as even when there is no definite routing followed, 
certain classes of machine work are done first and certain ones last. 
Drilling, for example, is usually a final operation, and when a piece 
is marked past the planers, ooring machines and at the drilling 
maclunes, its state of completion is pretty well defined to any one 
in the business. 



^4 37-^ 







^ \^uit^CJ&^. 3W^ 




Pig. 163. — Inspection and move ticket. 

The steering sheets are kept up, or entries made through the agency 
or either the returned machine orders or the daily time cards, on 
which there is a space for " operation completed." When the steer- 
ing-sheet clerk sees this on a time card, he makes the entry in the 
proper column of the order and under the name of the part con- 
cerned. Thus the department head can at any time judge of the 
status of an order by looking at the page in question. This method 
is particularly well adapted to keeping track of special orders, such 
as occur in a jobbing shop. 

817. Relations between dispatching and transportation. If dis- 
patching is to be efiPective, it must insure that the "next job*' is 
at hand at the machine before the scheduled time arrived for the 
given operation upon it. To this end, a transportation system 
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must be installed, and its efforts controlled through the dispatcher's 
office. Cards known as "fnave tickets** are commonly used to 
convey orders to the "move men." These are of various forms to 
suit conditions, sometimes being made out for individual orders 
and filed with the work tickets, and sometimes issued in complete 
sets to cover the entire movements of a given lot. A combination 
move and inspection ticket which is used by the U. S. Government 
at the Watertown ArsenalJs shown, Fig. 163. 

As a rule, all orders and work tickets sent out from the dispatcher's 
office are returned when the work called for is completed, the re- 
turn being a notification of completion. The return of move tickets 
shows that the work is at a given machine, and removes any excuse 
for broken dates on account of lack of material. 

818. Steering sheets should be of such size as to be readily trans- 
ported about the shop, so that the clerk who has charge of them can 
carry them about "on the job" to verify certain items, or even to do 
some checking in advance on certain jobs. The successful use of a 
steering sheet depends much on the capability of the mair in 
charge of the entnes. If it is done in a purely mechanical way it 
is not worth the expense of keeping it up, but if this clerk U9es his 
book as a means ot calling delays and making suggestions to the 
department heads, it will be a paying investment. The amount 
of work required to keep up a book of this kind is not as much as 
might be imagined. Certain parts will not have to be traced at all 
if they are in stock finished as is usually the case. In some plants 
it is always the details that hold back orders, in others it is the large 
work, depending. on the relative machining capacity for the two 
kinds of work. Where this is the case, steenng or tracing the parts 
which are usually the last to come through will help production 
greatly. The use of common sense in this connection is the principal 
element of success. 

819. Relation between dispatching and tool supply. It is as 
necessary to have the proper tools on the 10b as to have the materials. 
One of the aims of dispatching being to keep the producers busy at 
their machines, the question of tool supply naturally becomes a 
part of it. Tool tickets are made out for each part and operation, 
and are filed in the control board along with the work and move 
tickets,, until the work becomes due. At this time the tool tickets 
are sent to the tool room. They not only specify what tools are 
required, but act as move orders to the tool department, who are 
required to ddiver them to the given destination, collecting the 
proper number of tool checks from the man at the time of delivery. 

m). Relation between diq»atchiag and inspection. On standard 
work, the inspectors have a definite idea of their duties and their 
routine does not need to be covered by individual inspection orders. 
On special work, however, these are necessary, and are issued by 
the cuspatcher the same as work and move tickets. They tell the 
inspector what to inspect and where to find it. The return of the 
inspection ticket to the dispatcher denotes whether the part is 
acceptable or not, and controls the further steps to be taken. Re- 
turned inspection tickets are usually kept and filed as a matter of 
record, whereas returned work and move tickets are destroyed. 
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Pic- 164. — ReUtioiu betmen n 
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321. Routing takes care of laying down the tracks^ Also of pro- 
viding the forms which will be used in planning and dispatching. 
The example given in Fig. 164 is of operation routing. It is 
intended in connection with tlus to keep time on individuai opera- 
tions, take care of transportation from the production office, and 
in this connection also supply the required tools to the machine 
at the proper time. Required stores are also to be ddivered to 
the workman requiring them. 

Planning necessitates a close knowledge of the time required 
for the job at hand, also a capacity record for each machine show- 
ing how much work ahead it has in hours, so that the date for the 
operation in question may be placed. After this is determined, the 
various order tickets connected with each operation are filed to- 
gether under the date selected, and in a division representing the 
machine that is to do the work. 

When the date arrives for the work in question, the cards are 
pidled out, separated and sent to their respective destinations. 
Telephone and messenger service is used to expedite things. 
It must be understood that the planned dates in many shops are 
quite approximately placed, owing to lack of definite knowledge of 
the time required, or of unforeseen conditions which arise. In cases 
of this kind, the various cards are shifted as often as necessary 
in the work ahead trays, according to the capadty of the machine 
in question, the main requirement being to keep all the machines 
loaded the greatest possible percentage of time, and wherever pos- 
sible, to have from 3 days' to 2 weeks' work ahead. 

Tracing is used as a check on the results of dispatching, to 
see that the work comes out as planned, and to ask the reason why if 
it does not. Sometimes the dispatching board is made to serve as 
a tracing board also. Usually separate forms are used, the items 
being connected under the order number for convenient reference 
since it would be a matter of difficulty to locate the parts of a given 
machine in the work ahead files without cross-reference of this kind. 
The tracing sheet is a record of the state of completion of a job, 
and serves as a guide in issuing assembling orders. 
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822. Timekeepiiig methods. Timekeeping is made to serve 
several purposes. Origimdly, it was to see that the employee put 
in the number of hours of work that he was paid for. The next 
step was to classify this time or divide it up according to the work 
done during the day, giving the labor costs on the work done. 
This has been extended and elaborated in general, until we have 
the present methods of timekeeping and time recording, insepa- 
rably bound up with costs and forming the basis for them. In 
fact, timekeeping and the influence of the proper use of time rec- 
ords on proauctive capacity, have made this of secondary im- 
portance only to the actual work itself. 

Aside from the mechanical methods of timekeeping, there are 
several ways that it may be done " by hand." A common scheme 
is to provide the employee with a pad of time cards and allow 
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Pig. 165. — A crude and illegible time card. 

him to fill them in at the end of the day. Fig. 165 illustrates a 
time card of this type. This is as poor a method as could well be 
devised if any use is intended to be made of the records after they 
are turned in. For if the man happens to remember all of the 
jobs worked upon during the day, he will have a more difficult task 
in assigning such time to each as will balance out his full day, 
which is the point about which he is most particular, and not to 
get accuracy on the individual items. In addition to this, there 
will be a number of entries on one time card and it will consequently 
be impossible to sort them according to any subject except man's 
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□umber, wluch is of use only in computing the pay-roll. Another 
abjection is in the various styles of handwriting which are to be 
found in the shop and which as a rule do not loUow any known 
rules or system and are consequently hard to decipher. Still 
another disadvantage is that operations will be lumped at one 
time and separated at another, and the time derk who looks over 
the cards will be at a loss to tell whether a time record is high or 

A step in advance of this is to have the vicrkmtin fiU cardi for 
tack oprrotion, providing the department with a dock or docks 
which are visible from dl parts so that the time will be somewhat 
tear correct. These cards are filled out at the termitiation of the 
operation and not at the end of the dAy. A form sometimes used is 
shown ht Fig. 166. This has the advantage over the fint method 
'.e results, and less time spent by the workman, but it 
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is still far from satisfactory. The time records can hardly be 
looked upon as accurate, since they are entirely within the manipu- 
lation of the employee. And the time spent in making them out is 
almost invariably at the expense of production, for the mechanic 
who would leave his machine running while he grinds a tool will 
shut it down when he tacldes the invdved process of making out a 

een con^dering methods which originate 
:cer. There are also many schemes which 
s work and put it on a speciaJly appointed 

X Aside from those described uuder 
e is the somewhat old-fashioned 
^artment timekeeper make the rounds 
nth his time book and enter the records 
•b numbers and length of time on each. 
,n the first method described above, ei- 
are legible and uniform records. It bos 
and the men will be required to keep 
hey work on a variety of work. 
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The next step in advance is to have the time clerk make more fre- 
quent trips with his record book, going through the department 
every hour or so, and keeping on the lookout for jobs which are 
finished or nearly so. Tnis takes the burden away from the 
producer and results in more accurate time, but if the records are 
kept in book form they will have to be transferred by items to 
cards before they can be of much use in cost making, on account 
of the necessity of being able to sort the items in different ways. 

824. At this point it will be well to speak of the r^cUion be- 
tween ike timekeeping system and the order system^ for any further 
advances in methods described will comprise this connection. The 
more improved shop systems of tracing work and keeping accurate 
costs require individual orders to be made out, quite often for each 
operation required. These orders for convenience and simplicity 
are generally combined into time cards and answer both purposes. 
This is almost always the case with mechanical timekeeping de- 
vices. However, the same principle may apply to keeping time 
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Pig. 167. — An order-time card for one operation. 

"by hand," the workman receiving a combined order- time card 
such as shown in Fig. 167 and filling the time in before returning 
the completed order. 

The difficulty previously mentioned, of time records some- 
times covering certain operations on the same piece, and sometimes 
others, resulting in confusion as to the actual cost of any opera- 
tion is corrected by placing with the department timekeeper, who 
usually writes the individual orders and acts as order clerk also, 
a schedule of operations or route card for each piece. This in- 
sures that time records will come in a uniform manner as the me- 
chanic is instructed to secure another card if he is to do more 
work than is specified on the card. (It must be remembered that 
we are not yet dealing with strict planning methods and control, 
but with the common type of foreman control and the ordinary 
grade of time clerk.) 

826. Cumulative time cards, or job cards, are sometimes used, as 
shown in Fig. 168. They are supposed to follow the job from start 
to finish and to contain a record of all time spent upon it. While 
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U05 CARD 
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they appear to possess the advantage of simplicity, they are open to 
many criticisms, first that they frequently become lost, or soiled 
beyond reading through frequent handling; second that it is im- 
possible to check them unless daily cards are also used, in which 
case they are not necessary and form a useless expense. They are, 
however, convenient for special uses, for example, to use in con- 
nection with outside jobs or repair jobs where a gang of men are 

under the supervi- 
sion of a boss who 
is capable of mak- 
ing out the job 
card and assumes 
responsibility for 
its accuracy. Ma- 
terial used is fre- 
quently indicated 
on the job card, so 
that the cost of the 
completed job may 
be figured from the 
one card. 

Under highly de- 
veloped manage- 
ment systems, the 
order-time card 
may be delivered 
to the workman 
with his next job 
and taken from 
him when the job 
is finished, bo^*^ 
being provided to 
collect finished 
orders and ring 
them out on the 
, clock. Such sys- 
tems generally em- 
ploy mechanical 
time recorders. 
The principle in- 
volved is to relieve 
the workman of all 
details outside of his actual work. 

826. The following points should be considered as objective in 
selecting or designing a timekeeping system. 

(a) To relieve the mechanic of clerical work. 

(b) To avoid confusion of operations on successive records. 

(c) To insure accuracy of the time record, and make it difficult to 
manipulate. 

(d) To provide a daily balance of all time records against total 
"'"txe. 
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Fig. i68. — A job time card. 
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(«) To insure easy handling of the records for cost purposes, which 
necessitates but one entry per slip. 

327. Time cards for various compensatioii ajstems. Time 
cards are adapted in form of construction to the type of system 
under which they are used. The following are several types used 
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Pig. 169. — Differential piece-work time card. 
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Pic. X70. — Straight piece work ticket. 

for piecework, premium, and differential piecework, etc., Figs. 169, 
170, 171. The principles applied to these cards are to show the 
workman the[ price, time limit, or task, so that there will be no 
misunderstanding, and to provide information and space for the 
cost department to record the cost. With piecework, a time 
card is often discarded altogether, the piece count or inspector's 
check taking its place. However, some firms call for time cards 



232 



MACfflNE SIJOP MANAGEMENT 



on piecework, to arrive' at and record the various rates per hour 
earned by the workmen. 
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Pig. X7I. — Premiom tame card. 
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Pig. 172. — Time card for special job«. 

S28. CombinAtion time cards. There are an endless variety 
*hese for every imaginable purpose, and some whose purpose is 
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difficult to imafpne. For example, among the more logical lorms is 
the coupon system, in which the time card ia a detachable part of 
the traveling order tag, and is sent in from various points as the 
work proceeds. Then there is the combination lime and inatnic- 
Uon card, as used by the Watertown Arsenal, and shown in Pig. 
i7». 



Pic. IT], — Job time cird and haw it Is placed on caDpuling chart- 
billed time card and instruction card shown in Fig. 17:, on infre- 
quently repeated jobs this might be a convenience, but on routine 
work it would certainly be better to have the instruction card sepa- 
rate, dnce it would apply for all repetitions of the job. Also where 
travehng time cards are used, a check must be had daily on the 
time recorded, as otherwise it is difhcult to detect accidental or 
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intentional omissions wfaicli have been made days or weeks before 
the traveling stubs are entirely returned. 

330. Mechanical tim^eeplng. There are various devices on 
the market, most of them good, for the purpose of keeping time 

BISHOP CAIXrtTLATING RECORDER COMPAKY 
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Pig. 174. 

records mechanically. The advantage of the use of apparatus 
of this kind lies in the moral effect on the employee, the elimination 
of clerical work on the part of the producers, legibility of the 
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pression. 
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records, and reduction of the probability of error. It must be kept 
in mind, however, that mechaaical time recorders will not Insure 
accurate time records. The system of issuing and recalling the 
order slips must be made to prevent any attempt on the part of 
the empfoyee to "get the best of the dock, by retaining one slip 
while working on another job, or ringing a job "out" before it is 
finished. The clock itself cannot insure against this practice, 
although from the literature and advertising of some of their makers 
the opinion might be formed that they could do so. 

Aside from this, these mechanical timeke«>ers are good things 
and are conung into more general use every day. The ways and 
means of using the best known types are described below. 

S31. Tlie calculagraph. This is a timekeeping device which 
prints the elapsed time which has been taken on a job. The 
printing dies in this machine are in two parts, one carrying a drde 
of figures and division marks, and the other carrying an arrow. 
These two dies ro- 
tate together, but 
are capable of in- 
dependent vertical 
movement, actuated 
by two levers which 
may be called the 
"starting" and 
"stopping" levers 
respect! vdy. When 
a job to be timed is 
commenced, the 
time card is inserted 
in the calculagraph 
and the starting 
lever pulled, which 
makes an impres^n 
» of the outer die, as 
shown in Fig. ttc. 
Fig. its.— Calculagraph curd nuJc As time elapsca, the 

dies are turned by 
K:hanism to which they are attached, 
id, the card is inserted in the machine 
ion as before, and the"stopping" lever 
e impression of the arrow in the inner n>- 
ided circle already printed on the card. 
ition of the arrow indicates the elapsed 
s, or in hours and tenths, according to 

th this machine, Fig. 177, are of various 
an indication of their general nature bein^ 
me clerk who is stationed in the shop 
' operating the clock, although in some 
ieir own time with it. It is also exten- 
with telephone and annunciator time- 
in 336-338. 



TIME AND COST CONTROL 



i 














O 

o 


1 
1 








n 


i 


\i 


1 








1 


, 



MACraNE SHOP MANAGEMENT 



: 


















• 








L 


k 












z 
























n. 


< . 
























naz 


z > 
























:9s 


U 1 
























^3 


3 
























^c 




ll 




m 

} 




AM1MM03 M»1H3«AJ«aM «M»>0-M3A00W INX 






ill 



•« 

-o 

-J 






ANVtfHOO lirtH9«AMll»«MaAO-«nAeON SHA 




Mi 

Jan 

Son 



00 

c 

I 



"5. 

* mm 

u 

C 



C 

o 
a 

, u 



u 



I 






■M 



•V»M«II -» 



AMVrfKOO iniM3«XM3lMIN3«K>4«lAOOH IMA 























it 


> 


^ 




s 




y 




1 


1 














1 1 


ii 


MM 


mmm-vmmi'»»mmtvmimm 


L 




^^^■4 


'09 HnH3&Uiail^MlM»«SAOOM IHX 



00 






TIME AND COST CONTROL 



239 



Fig. 178 shows a time-card rack designed by the Calculagraph 
Co., which is used for several puiposes such as assorting various 
order numbers, for work ahead tickets, and so on. Particular 
attention is called to the groove which allows the card being grasped 
by thumb and finger. 

832. The periodograph. This is a time-recording apparatus orig- 
inated by the Gisholt Machine Co., of Madison, Wis., which was 
placed on the market by that company in 1012. A number of 
time-stamping mechanisms are operated in different departments 
through the control of a master dock. As the name indicates, 
period^ of time are used 
instead of the usual min- 
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utes, which are either 
the quarter hour or the 
tenth of the hour, as de- 
sired. On the first morn- 
ing following the pay 
period, the clock registers 
0000. After the first unit 
time has expired, the reg- 
istration wiU be 0001, in- 
creasing one unit at a 
time. Elapsed time in 
terms of the unit em- 
ployed is found by stib- 
tracting the lower from 
the upper record. Forms 
of periodograph cards are 
shown in Figs. 179 to 186. 

888. Ihtematiooal and 
Biinilar tgrpe recorders. 
Recorders of this type are 
frequently used for cost- 
keeping purposes, al- 
though particularly 
adapted for registering 
the daily starting and 
quitting hours. The In- 
ternational clock for this 
purpose is provided with a [ 
two-color printing ribbon pig. 187. 
and a mechanism which 
automatically changes 
the color of the time record after whistle time, throwing it back 
again after whistle time at the quitting hour. Thus any late 
arrivals or early quitters are distinguished by means of red fig- 
ures. Fig. 187 shows the card used, the red figures being repre- 
sented in outline to distinguish them from the blue figures which 
are represented by the full black characters. 

The use of this type of clock for detailed operation timekeeping 
has its disadvantages, possibly the greatest one being the fact that 
time is recorded in hours and minutes and subtraction is neces- 
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sary. The clock does not record elapsed time. See also Figs. 
i88 to 191. 

834. lA»f -distance tim^e^ing. Various methods are used to 
centralize timekeeping in large plants which cover considerable 
area, and thus reduce to a minimum the number of timekeepers re- 
quired. The advantages of these systems are reduced cost of labor 
and centralization of information. On the other hand, there is 
much to be said in favor of having a timekeeper in the department 
in which the work is done, especially in plants where perfect routine 
does not obtain. In such cases the timekeeper, if he is observing, 
can acquire as much and as valuable information bv using his e^es 
as from the time records, can catch mistakes much more readily, 
and is in a position to know the details of what he is doing. Among 
the various means used to facilitate long-distance timekeeping are 
the following;: Cash carriers and pneumatic tube systems, te^hones 
and annunaators. They are described in separate paragraphs. 

885. Cash carrier system of timekeeping. Where communica- 
tion of this type is available between departments and a central 
office, the work tickets may be sent back and forth to the central 
time office to be stamped by a mechanical recorder before commenc- 
ing and after finishing the job. It is also convenient to locate 
the tracing of orders at this point, as the tickets form a source 
of information as to the movement of work through the various 
departments. Plants that adopt a scheme of this kind are usu- 
ally in lines where large lots are put through, and the small time 
error occasioned by tne carrier delivery is not a sufficient error 
compared with the total length of time on the job to cause 
uneasiness. 

886. Telephones and timeke^ring. Greater accuracv b secured 
through the use of the telephone system. The timekeepers are 
provided with head telephones and are in constant communication 
with the shop from whom they receive immediate norification of 
the start and finish of operations. They are usually seated in 
front of a table provided with racks containing the order slips which 
they mark or stamp to correspond with the information received. 
Where the telephone system is used it necessitates a duplicate set 
of orders or time cards for the time office and the shop, since those 
in the time office do not circulate to the shop. Tdephones must 
also be provided in sufficient number so that the foremen and gang 
bosses who notify the office of the movement of work are not re- 
quired to take too manv steps in so doing. 

887. The Cleveland Automatic Machine Co. makes an ingenious 
use of telephone timekeeping with a particular intent of using the 
quick service to check excessive costs before the work is finished. 
Herbert M. Rich, office manager of that company, describes this 
feature as follows. (Am. Mach., vol. 32, p. 967.) 

"CoiUciing tinu data. The cost room is connected with every department 
in the factory by telephone. A time clerk, wearing a head receiver 
and breast transmitter, sits before a desk, the top of which is divided into 
compartments, one for each department in the factory. These boxes contain 
numbered ^ide, cards corresponding to the employee's key number. There 
is a Bubdivuion in this box and in the forward subdivision the operation cards 
are filed ntunerically under their respective departments. These represent 

16 
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hem provides a push button for each operator. 
mnundator board being numbered to correspond 
nber. When a workman changes jobs, he presses 
es ahead on the new jobi the time clerk at the 
d makes the finishing and starting time aotation 
messenger boy out to get the number of the new 
ta which are required, but which may be obtained 
. impairing the accuracy of the time record, 
a group of men are assigtied to each push button, 
usually 10. Clips are provided for each group, so 
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that the messenger boy may find the proper memorandum for 
all calls sent in. 

The Calculagraph Co. state that one firm which uses this system 
in connection with their machine, obtains its time records at an 
average labor cost of less than i cent per man per day. (See 
Fig. 193.) 
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839. The exception principle in timekeeping. Under this 
method great stress is laid upon the losses occasioned through idle 
men and machines and upon the definite recording of such losses. 
These may be classified in various ways. For example: as idle 
machines, idle men, and again further subdivided as to the cause, 
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such as lack of material, tool broken down« lack of working in- 
structions, lack of small tools, and so on. The periodograph cards 
which are shown in Figs. 183 to 186 Ulustrate the application of the 
excei>tion principle at the Hooven, Owens and Rentschler shops at 
Hamilton, Ohio. At the Fairbanks, Morse plant at Bdoit, Wis., 
the recording of idle time is made still more apparent by the use of 

colored signab which 
are hung from the ma- 
chine smfters. For ex- 
ample, a red signal might 
indicate that the opera- 
tor had no work, or was 
short of material; a yd- 
low signal would indi- 
cate tikSit the machine 
was under repair. A 
definite advantage of 
this method of signals is 
that the man in charge 
can see at a glance the 
operating conditions of 
the machines in the de- 
partment. 

340. The Stromberg 
clock system. The 
Stromberg Electric Co., 
Chicago, m addition to 
their other dock S3rs- 
tems, supply a master 
dock controlling a num- 
ber of d^artmental time 
stamps for the purpose 
of recording the time on 
individual jobs as well 
as the in and out time 
of the operatives. Fig. 
194 indicates how the in 
and out time is recorded 
by the Stromberg sjrstem 




Pig. 194. — Stromberg "in and out" cards. 



and how any discrepandes in arriving or departing time are em- 
phasized by their position upon the time card. Fig. 195 indicates 
or shows the application of this time stamp to operation orders. 
It will be noted Qiat the daily time card, which forms the record of 
a day's performance for each operator, is perforated so that the 
records of individual jobs may be distributed or sorted irrespective 
of a man's number. The time recorder is automatically arranged 
to conform to the working hours of the plant where it is used. Each 
morning at the regular starting hour the machine will record 0.0; 
the type face of the time stamp is then changed each minute through 
tll€ action of the master dodc. Variations from this method are 
^'^*td where it is not required to keep time to such a fine degree, 
case the tenth of an hour is commonly used as a unit. 
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Where this system is adopted it is necessary to provide additional 
time stamps for operation recording and for in and out recording. 
The elapsed time for any operation is found by subtracting the 
lower from the upper time record. 

Ml. Cotttmuocui operation recorders. Electrically operated 
devices are on the market for the purpose of indicating the length 
of time that machines remain idle, the length of time under cut, 
and so on. The principle of operation of these machines is an 
attachment at the machine which is connected with the driving 
means, which actuates a pencil in a recorder ^hich may be at 
any distance, making a record that resembles an elongated Morse 
telegraph code. For example: 

a b c d e f g. 

In the above record, the line a represents the first cutting opera- 
tion, which stopped 'at b as indicated by the space, resumed again at 
Cf stopped at d, resumed 

for a moment at e, ODg'Jf I ,|| |. Tj^ 

stopped at / and 'again m~li ZA "7 V li 

resumed for the last cut '■ " ^/AP. r!f\ 

at g. The length of the 
record is made in terms 
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of time, corresponding to 
hours and tenths of 
hours, therefore the total 
length of the record is a 
measure of the length of 
time required to do the 
work. Each job is sup- 
posed to have a certain 
characteristic, that is, 
definite relations be- 
tween the stops and 
starts and the length of 
each. Therefore any 
discrepancy between the 
recora obtained and the 
standard will be subject 
for inquiry. 

The use of a system of 
this kind presupposes an 
exact knowledge of what 
time is required and 
should be taken, and 
with this all important 
information there would 
seem to be infinitely 
simple ways to insure 
that the standard is reached. However, for machines that work on 
one or two operations continuously, the scheme is more feasible. 

842. Production coanters. Counting machines are attached to 
machines whose productivity is in direct proportion to the number 
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Pic. I9S. — Strombcrg operation time cards. 
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rtochine lk>^j.n 

Operator..fi(<;Ata<^^ 

Onder N0!.j6a^i 






Operator^ Report 



Reason for Shutdown 



JltZima J9Jju, 









Time 



30 y*uM 



15 



30 



of revolutions or strokes made, in order that a gage may be had 

upon their efficiency. For example, punching presses, forging 

machines, and so on, 
are easily kept track 
of by this method. 
The output is checked 
against the number of 
strokes^ and this again 
against the normal 
number of strokes per 
minute, giving indi- 
cations both as to 
whether the machine 
is allowed to run idle 
and whether the oper- 
atbr has run it as con- 
tinuously as possible. 
Where this system is 
used and presses are 
kept continuously on 
certain classes of 
work, the exception 
principle is used with 
regard to the time- 
keeping. In other 
words, time items are 
not made out for the 
productive time, but 
Pig. 196. — Production counter time card. for the shut-downs. 

An example of this is 

shown in Fig. 196, which also illustrates the use of a production 

counter. 

WORKING HOURS 

843. Workiiig hours. The practice in the matter of working 
hours varies widely, not only in the total number worked per 
week, but in the arrangement of the daily schedule. For example, 
a great many firms make a practice of closing their plants on 
Saturday afternoons all the year round, while others do so only 
during the summer season. Some allow Vi hour for the lunch 
period, others the full hour. Where the majority of workmen 
carry their lunches the shorter period is probably desirable, 
since it allows them to get home earlier and also cuts down the 
lighting expense of the plant during the dark months. The ar- 
rangement of hours from the point of view of making the most 
of daylight is important, and is one argument against shutting 
down on Saturday afternoons the year round. 
^ In some plants, working hours as far as details such as starting 
time, lunch period, ^nd so on are concerned are decided by sub- 
mitting to vote of employees, which eliminates discontent regarding 
them. 

Tables of working schedules are shown, figuring both with and 
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vittfout Ihe Saturday half holi- 
day, uid with lunch periods of 
ii, M and i hour. These are giveo 
for 48, 50, 54, and 60 hours a 
week. Attention has been paid 
in making these schedules to 
make the most of the daylight 
hours, and to balance the periods 
before and after lunch. With 
respect to this last condition, 
it would probably be better to 
make the morning period a longer 
one than the afternoon, as most 
people are capable of their best 
efforts during this period, 

SU. Other lunch periods. In 
foreiKn countries it is the practice 
to allow a morning lunch period 
between starting and noon hour. 
Sometimes in this country a defi- 
nite time has come to be looked 
upon as for the morning lunch, 
although not necessarily ofii daily 
recognized. It b a bad scheme 
to prohibit the eating of morning 
lunches, as any one who has had 
experience at hard physical labor 
will testify that they are quite 
necessary. The manufacturer 
would hardly prohibit the fireman 
from throwing coal on the fire 
when needed, and should not ob- 
ject to his employees replenishing 
their ener^ supply in this man- 
ner, especially since they furnish 
the fuel. The use of alcoholic 
drinks should of course be pro- 
hibited within the shop, and dis- 
couraged during the noon lunch, 
although unfortunately most 
manufacturing plants are sur- 
rounded by saloons with free- 
lunch counters. No matter what 
a man's opinion may be as to the 
liquor question, it is indisputable 
that even moderate quantities 
taken at noon will result in a 
more or less sleepy and indolent 
(eding whch is not productive of 
the best results. This is possi- 
bly a strong reason for the estab- 
lishment of lunch rooms by the 
company, outside of the reasons 
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from a welfare point of view. It is quite possible that proper 
feeding has a sufficiently important bearmg on energy to muce it a 
pajring proposition to take up, even though the lunch stand must 
be nm at a loss in order to make it attractive. The shortening of 
the noon hour as much as possible also tends to prevent the 
reduction in efficiency through improperly used time. 

In some plants, mostly European, iced tea and other non-alcoholic 
beverages are offered at low cost to combat the efficiency-reducing 
consumption of beer. 

846. Kegisteriiig of absentees. Absences in the shop constitute 
such a large drawback to production that it is well to have a definite 
sdieme for keeping track of the absentees, and a policy of reducing 
their number. With any of the modem registering systems, or 
even the older fashioned in and out checks, it is an easy matter 
to find out who is absent. The next step is to make use of this 
information. An absence should not be allowed to pass by without 
an explanation. The general plan of having each employee who 
is sick have a member of his family telephone to the time office 
should be adbpted. Understanding may be had with the tde- 
phone company to reverse charges on messages of this kind, so 
that it is not a burden to the employee who is usually deprived of 
his day's pay when absent. Neither is it an expense on the shop, 
which undoubtedly has unlimited phone service. If it is insisted 
upon that this practice is followed an^ a record kept of the reasons 
given in each case, it will soon devdop who the chronic invalids 
are, and whether their illness is coincident with ball games on the 
home grounds. 

A list of the absentees for each department should be handed 
to the department foreman early each morning, together with the 
reasons for absence and the probable duration, so that work may 
be planned. Especially in case of machine operators should absences 
be strictly followed up, even to the extent of sending someone to 
the employee's home, jfor an idle machine is one of the quickest 
profit reducers. There are certain excusable reasons for absence, 
such as sickness, death of relations, weddings, and an occasional 
holiday or lodge outing cannot be denied, but there should not be 
too great a difference between the number of days off of different 
individuals, except in the case of a prolonged illness. A state- 
ment should be made out each month and handed to the superin- 
tendent, giving the number of days absent for each man. Chronic 
invalids, or vacationists, may be given a heart-to-heart talk and 

S laced on suspended sentence. Systematic efforts along these 
nes will not fail to improve the attendance record and increase 
production. 

346. Incentives to attend. It is sometimes found, especially 
when jobs are plentiful, that employees make a practice of taking 
a day off quite regularly. If help is scarce, as it is likely to be under 
these circumstances, it is a problem as to how to correct the evO 
pi^out driving the employee to another job. Some firms adopt 
^«dditional bonus for regularity in attendance. This is usually 
' on a percentage of the weekly earnings. The question as 
much this should be is not difficult to estimate from the point 
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of view as to what it is worth. For example, assuming that the 
profits for the year be divided by the number of employees, a figure 
win be obtained representing the average profit earmng capacity per 
man. This may be still further reduc^ to an average per man per 
day or even per hour. The total amount of the bonus to be divided 
should be figured from a study of the loss of earnings or |>rofits 
represented by previous years absences, and whatever portion of 
tlus total the management sees fit may be used as the bonus 
fund. 

The bonus is more effective if applied or offered in the form of 
prizes in the various departments for the best attendance records, 
since if it is offered in this way the amount offered i^ sufficient to 
act as an inducement, whereas if it is applied as a general premium 
on attendance, the per capita sum avadable will not be enough to 
make an impression. 

347. Registering and handling 'Xates." This is something that 
for best results requires considerably more thought than is usually 
given to it« The common practice is to make a ruling to the effect 
that a late employee is docked a certain amount, usuallv not less 
than H hour. Sometimes the shop doors are dosed sharply 
at whistle time, and opened again i hour later to admit those who 
were late at first. 

From the standpoint of production and profits, it is certainly 
"better late than never," and it is a question as to whether it pajrs 
to shut a productive machine down for 58 minutes because its 
operator is 2 minutes late. On the other hand, it is essential to 
foster promptness, as otherwise the daily routine would be much 
disturbed. 

348. This Question must also be considered from another point 
of view. Tfllce the case of the employee who is conscientious and 
faithful and whose record is good. For some unprevbntable cause 
he happens to be a few minutes late some morning. Very likely 
he is engaged on an important job and knows that his foreman nteds 
him. He is allowed to go to work under the first plan mentioned, 
but on pay day finds a half hour taken out of his time. The 
company has secured 20 or 30 minutes work from this man for noth- 
ing, but as a rule it has paid dearly in the decrease of loyalty which will 
naturally come through such a small action. Possibly this same 
workman has been in the habit of getting to the shop 16 or 15 
minutes before whistle time. 

What is required to handle these things intelligently is more 
judgment than system. The head timekeeper should be a man of 
broad gage and discrimination and should be allowed a certain 
leeway in the decision of such things. From his daily work he will 
know who are the habitual lates, and also those who make a practice 
of running in just before the whistle blows, and when such mdivid- 
uals are late he will apply the given penalties. On the other hand, 
by using judgment in other cases, such as the one described, he can 
save his company money and add a great deal to the feeling of 
esteem in which it is held. A good man regards his work and his 
company as something personal and not a machine, and is often 
willing to do something for it that he is not really paid for. We do 
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not encourage this spirit when we apply hard and fast rules without 
disciiminatioQ. Loyally must be reciprocal, and we cannot expect it 
from the men unless we extend it to them. 

T&e objection may be raised £hat such a plan would result in 
favoritism on the part of the timekeeper. This is ea^ly prevented 
by requiiing a list iianded in daily of all exceptions made to the 
rule and the reason for them. From this it will be easy to detect 
any undue repetition of such favors to any one person. 

849. Various schemea are used to indicate lateness on the mechan- 
ical time-registering devices. Possibly the most effective is one 
which prints late arrival's time in red. The other records are 
made in blue or black, and the ribbon in lite dock changes position 
and color at wlusUe time. This method saves considerable time 
on the part of the timekeepers in looking over the cards, as one 
which is printed in blue or black throughout will indicate full 
time. None of these schemes are without means of circumvention, 
however. In the case of the bi-colored clock, for example, a Hun- 
garian foundry laborer managed to get around it and draw full time 
for several weeks by placing a sheet of blue carbon paper over his 
card when registering. 

360, A list of latSB should be prepared by the timekeeper at regu- 
lar periods and handed to the management, also from time to time a 
record of the employees by number showing the total amount of 
lateness during a given period. 

Sometimes the position of the time card in the rack indicates 
thelates and absentees. Another scheme is used by the Hall Print- 
ing Press Co., as described by Philip W. Hall. A board is used on 
wUch are recorded the names of all the employees. Three holes are 
made in the board opposite each man's name, and the position of a 
pin or button placed in these indicates whether the man is in, out 
or late. 

361. Employment records. Most concerns make it a practice 
to keep records of their employees, but the particulars which are 
recorded differ considerably. The purpose may be simply as a 
record of hiring date, name and address, with space for the dis- 
charge or quitting, or it may be a quite complex record of indi- 
vidual characteristics and traits. Among the items which may be 
recorded are the foQowing: Name; nationality; age; address; 
previous employment (usually going back at least 5 years); 
reasons for leaving last place; date and time of starting work; 

which placed; machines or classes of work which 
le to handle; work which he likes best; pby^cal 
weight, height, general health. Going one 
id making use of the record as an efficiency indica- 
riew of obtaining from it information which will aid 
iges of rate, in connection with the time records: 
villi ngness, skill, adaptability, ideas, directive 

first item, punctuality, may be easily measured by 
clock records, the remaining are arrived at by 
idividual and are marked according to some scale, 
jood," "Good," "Fair," "Poor" and "Very Poor." 
imbers may represent these words. The capacity 
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of the various employees is an important thing to know, quite as 
much so as that of the various machines that they operate. S3rs- 
tematic efforts to obtain this information will necessitate a study 
of the individuals which in itself will be worth the expenditure of 
time and energy. Foremen's reports hdp in determining the 
various values, although the prejudice of the foreman often warps his 
opinion. Reports from the time and cost office will throw addi- 
tional light on the matter. For example, exceptionally good or 
exceptionally bad time records when frequently repeated will 
act as guides, although one or two are of little value. 

It is hardly necessary to say that records which describe the 
efficiency of the workman should be kept in cipher, or ebe under 
lock and key, so that irresponsible clerks may not carry the infor- 
mation to their friends in the shop. 

362. Available employee record. This is somewhat similar in 
character to the Erst part of the emplo^nient record described 
above, stating name, address and previous record of employ- 
ment. In fact the same form is often used, and transferred to an 
active file when the man is hired. 

363. Record of fonner employees. This is of value in two 
ways: first, when the same individual applies for re-eneagement; 
secondly, when others ask for records with the view of employ- 
ing the individual. The same form may be conveniently used, 
transferring the sheet or card to a third file when the man quits or 
is discharged. 

PAT-ROLL METHODS 

364. Pay-roll compilation. ' The pay-roll may be simplv a 
weekly account of each man's hours, rate and wages, compiled for 
the sole purpose of finding out how much to put in each oay envel- 
ope, or It may be a complete and classified analysis of labor ex- 
pense as well. The former would necessitate simply a list- of 
employees' numbers and rates, usually kept in book form, with 
columns left blank for the number of hours worked and the wage 
totals. The following illustrates the simple pay-roll method: 

Week ending 7/13 Weekending 7/20 
Man's No. Name Rate Hours Wages Hours wages 



1 John Smith 20 cents 50 1 10. 00 

2 William Jones 18 cents 54 9.7a 



The next step comes when these numbers are divided into groups, 
representing the divisions by departments or gangs. This does not 
require much labor, but gives tne management considerably more 
information. A still fiirther step divides each man's pay into vari- 
ous accounts, among which may be the following: 

Productive Work: This may be still further sub-divided according to 
the purposes of the management into stock and special orders, regular 
time and overtime, or numberless other ways. 

Non-productive Work: Classified into as many accounts as there are 
varieties or groui>s to be segregated. , Among them, non-productive work 
by pvoducem, such as labor on defectives, time on spoiled work, repairs to 
machines, shop tools, etc., etc. 
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A pay roll-form of the lut-mentioned tjpe is shown in Fig. 197. 
It will be seen that there are a great many accounts on this dieet, 
which ia in ledger form, but the compilation of the figures is done 
^ B ^d derk in less than i day, for a force of 800 employees, 
lliat IS, the com^Qation of the pay-roll itself is made in this length 
of time, from tune cards wluch liave been already rated and 
extended. 



Pig. T97. — A clauified payTQll, 

SSS. The pw-nll may be made up from the clock raglater card 
which sliows the total number of hours that each man works each 
day, or it may be made up from the individual time slips which 
come in from the shop. The former method would probably be 
adopted with the sim[der type of pay-roll first mentioned, but the 
time-slip system would have to be used when a distributed pay-nj] 
is desired. The method of doing this is as follows: First, the 
daily time slips, which come from the various departments, must 
be rated and eitended, and the distribution or account numbers 
marlced upon them. It is understood that these time slips are made 
out for individual jobs or operations, so that they may be sorted 
in various ways, and for this purpose but one entry must ap- 
pear on any one slip. The entnes will comprise date, man's dock 
number, work done, time taken to do it, and order number. The 
slips, having been sorted as to man's number, rated and extended, 
are checked oeainst the clock record cards to see that the man 
has accounted for full time. (This is not necessary when using the 
dock system of timekeeping on individual jobs.) They are then 
•Wted as to distribution accounts and the items entered into the 
columns. This completes the work of the pay-roU clerk. 
to balance the total so obtained against the total obtained 
:tiplying each man's total hours by his rate and adding the 
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individual amounts to se- 
cure a checking figure. 
Usually before tUs distri- 
bution is done, the slips 
have been sorted as to 
order number and the 
items entered upon the 
cost-of-order cards, but 
this has nothing to do with 
the pay-roll itself. 

After the envelopes are 
prepared with the names 
of the employees and their 
numbers, the amounts are 
written upon them from 
the total column of the 
pay ledger, and the grand 
total as shown upon the 
envdopes when completed 
is checked against the 
ledger total. 

Sometimes the pay-roll 
ledger sheet is replaced by 
a card form, as shown in 
Fig. 198, and the distribu- 
tion made on sheets as in 
Fig. 199. In fact, hardly 
any two shops use the 
same form lor pay-roll 
work, although the meth- 
ods used in compiling the 
pay-roll are usually as de- 
scribed. 

866. Pay envelopes also 
esdst in numberless variety, 
ranging from those which 
are covered with advertis- 
ing matter relative to the 
goods of the local merchants 
who furnish them free of 
charge, to the tran^arent 
envelope illustrated m Fig. 
200, which is used by the 
Westinghouse Co. This is 
for the purpose of avoiding 
(Usputes, and since the pay 
is alwa3rs in specie, it is 
easy for the employee hy 
shaking the envelope a 
trifle to be able to see the 
amount contained before it 
is opened. If there is a 
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Pig. X99. — Distribution sheet. 

shortage claimed, the envelope must be returned intact. Another 
ingenious form of envelope is shown in Fig. 201, whidi is used by 

the Hall Printing Press Co. On 
the left-hand side, the man's 
name and number are written, 
and on the right-hand side is the 
amount due in wages. A perfor- 
ation separates these two items, 
the envelopes being torn open on 
the perforation. Once they are 
opened, no one can teU how much 
was paid to any one man, as all 
the stub ends are similar. 

867. Mechanical hdps in pay- 
roll compilation. There are me- 






1, 20a — TransiMuent envelope. Pig. aox. — Perforated envelope. 
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chanical devices, charts, and the like which multiply rate of i>ay 
by hours. The saving effected by these is a question, since the 
average pay-roll clerk becomes so accustomed to the various com- 
binations Uuit he or she is able to write the wage amount almost 
instantly. The adding machine is of value in pay-roll work, and 
some are on the market which will add a number of independent 
accoimts or columns, and which are useful in totaling distributed 
pay-rolls. The adcting typewriter has been used to print the 
amounts upon pay envelopes and carry forward the totals. The 
addressograph is frequently used for the purpose of printing names 
and numbers on envelopes, doing this in a fraction of the time re- 
quired by hand. In fact the old-fashioned "paymaster" is fast 
becoming obsolete and the making of a pay-roU is becoming a 
matter of mechanical routine. 

368. Pay voucher and receipts. Practice is divided in the matter 
of requiring a receipt from the employee for his wages. When 
this is not done, it is customai^ to have a checker accompany the 
paymaster and check off the mdividual's name or number as he 
receives the envelope. Where the receipt is required it is sometimes 
a ticket enclosed within the envelope, stating the man's name, 
number, and amount received, and having a space for his signature. 
To avoid loss of time the employees are allowed to deposit the re- 
ceipts in a receipt box at the time office window witlun a certain 
number of days of the succeeding pay, ^hich is not given out unless 
the previous one has been receipted. Occasionally the pay envelope, 
or a part of it, is made to answer for the receipt. Another plan is 
that used by the Cleveland Foundry Co. described under "Pay- 
off Methods." 

869. Pay-off methods. The general scheme in use several years 
ago was to line the men up after whistle time and march them past 
the pay window. To even things up, the high numbers would lead 
one week, and the low numbers next. The unfortunate man who 
happened to be in the middle, however, was forced to lose from lo to 
15 minutes each pay-day. The growing tendency toward the con- 
sideration of the employee has lead to different methods. One 
largely used is to have the paymaster or pay clerk circulate through 
the shop and hand the envelopes to the employees. An ingenious 
scheme is in use by the Cleveland Foundry Co., by which 1500 men 
are paid off in 10 minutes. The pay-roll is divided into seven 
stations, as nearly equal as they can be made, giving from 200 to 250 
men per station. The receipt slip, which is printed with similar 
notation to the envelope is laid over it, with a sheet of carbon paper 
between, and both are filled out at the same time with the number, 
name and amount. The pay envelope goes to the paymaster to 
be filled, and the receipt slip to the foreman of the department, who 
has his men sign their slips in advance if the amounts are correct. 
On pay-day, the whistle blows 10 minutes earlier than usual, the 
men form in line at the designated stations and hand in the receipts 
as they receive their envelopes. 

Where the pay is held back i week as is usually the case, to 
give the accounting and pay department time to have it in readi- 
ness, difficulties sometimes arise when employees quit without notice 
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and come back on the succeeding pay-day for their pay. The pay 
derk may not know that the man has quit, or may think that he has 
been absent on accoimt of sickness, and hand over the envelope. 
Thus it b possible for a man to avoid turning in his tool checks, and 
still get what pay he has coming. To avoid this, the practice is 
to hold back tne pay of such absentees until the tool checks have 
been turned in and tne tool slip returned to the time office signed 
by the tool foreman or crib tenaer; or until investigation of the case 
snows that the payment is justifiable. 

860. Checking the pay-roll for dummies. While 9999 out of 
10,000 employees in as responsible position as a pay clerk are 
undoubtedly honest, there is the ten thousandth to consider. For 
this purpose it is well to have the department foreman to kea> book 
records of the names, numbers and rates of their employees, 
when^ they started and when quit The progressive foreman will 
do this anyway for his own information, and it is a valuable check 
for the management to apply to the pay-roll occasionally. No 
attempt should be made to have the foreman check the individual 
hours of work, as he has enough on his hands as it is. Changes of 
rates and their date should be noted in the foreman's book, however. 

1161. Mechanical distribution. The Tabulating Machine Co., of 
Washington, D. C, furnished sorting machines and tabulating 
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Pig. aoa.— a time card used at the Bullard plant. 

machines to the Government which were used for tabulating the 
last census. Since that time, these machines have been adapted 
to factory and office accounting. They are used for preparing 
classified statistics of all kinds, the feature of the machines being 
the mechanical sorting of data according to any given topic. 

Fig. 202 represents a time card from the Bidlard Macnine Tool 
Co.'s plant and Fig. 20.^ shows the same card ''punched'' ready for 
the sorting machine. This punching is done by hand by means of 
a gang punch, and takes but a moment. These cards register the 
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following data, month and yeu, dajr of month, dqwrtment 
number, man number, job numbtt, piece number and symbol, 
division number, contract number, number of hours, amount of 
direct labor, machine number. Also symbols which are punched 
to indicate replacement, non-productive and productive, regular 
hours, overtime, piecework allowance and piecework settlement. 

The torline ntackiiu, which ii motor driven, contains a hopper 
into which t&e cards are placed. The machine b adjusted to Boct 
according to a given subject, which may be any one of the items 
mentioned above; the motor is started and sorting proceeds at the 



Fig, 103. — The BuUard time tard perforsltd (or tabulBling. 

rate of 340 cards per minute. The sorting process separates or 
selects cards according to one number 01 item at a time, for example, 
if it is desired to sort as to various departments, the machine would 
be set for the first number department, after this the cards remain- 
ing would be sorted for the second department number, and so 
on until the sorting is complete. In the Bullard plant, the cards 
are first sorted into "productive" and "non-productive." At 
the beginning of each week, ail of the cards for the week preceding 
are ready to be sorted for the distribution. The first step is sorting 
to departments. The productive and non-productive itetos are 
then tabulated or totalled to determine the expenditure on each 
item in each department. Then the productive cards are sorted as 
to job numbers and the hours and amounts totalled under these 
numbers by departments as a means of obtaining costs of orders. 
The non-productive items are distributed once a month according 
to some 121 items. These monthly statements require 4 hours to 
prepare using this mechanical process. 

362. The Advantages of mechanical tabulatkm as defined by 
results obtained at the Pennsylvania Steel Co. ore: reduced expense 
in connection with cost accounting; a leisentd lime necessary to 
prepare the monthly statement; and dizlribulion anaiysii in great 
detail and of great elasticity and accuracy. The great advantage 
of the machine method is its freedom from error, for tio,ooo can 
be divided into 300 items, and their sum will balance the original 
amount to a penny. Its largest field of application is where there 
are a great many cards to be handled, such as life insurance records 
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and telephone company's bills, but there is a field for it in the smaller 
plants. The fact that the machine performs its work so quickly 
and is therefore idle a large part of the time leads to the question 
as to why it would not pay several small plants to consider operating 
a machine of this type in common, and choosing difiFerent days for 
each one's work. One peculiar advantage of the type of cara us«l 
b that it may be easily keyed so that the results would have ab- 
solutely no meaning to the ones handling the cards. 

868. Numbers Assigned to Operations. 

List of Operation Numbers used in Santa Pe Railroad Shops 

z — Adjusted 
•Applied 



3 — Assembled 

4— Babbitted 

5 — Bend 

6— Blocked 

7 — Blow out 

8 — Bored 

9— 

I a— Centered 
I X— Cleaned 
za — Chipi>ed 
13 — Closed 
Z4 — Connected up 
z s — Counterbored 
z6— Crated 
Z7 — Cut 
z«— 

Z9 — Delivered 
20 — Disconnected 
3 1 — Dismantled 
33— Drilled 
23 — 

24 — Examined 
25 — Paced 
26— Piled 
27— Pilled 
28 — Pilleting 
29 — Pitted 
30 — Pramed 

3«— 

32— Gained 

33 — Glased 

34— Ground 

36— •Inspected 

37 — ^Laid out 

38 — Lined 

39 — ^Lowered 

40— 

41 — Made 



42 — Marked 
43 — Measured 
44 — Mortised 
45 — Moved 
46— Oiled 
47 — Overhauled 
48 — Pulverised 
49 — Packed 
so — Patched 
51 — Piened 
52 — Placed 
53 — Quartered 
54 — Raised 
55 — Reamed 
56 — Reduced 
57 — Removed 
58 — Replaced 
59— 

60 — Renewed 
61 — Repaired 
62 — Riveted 
63 — Rounded 
64 — Retapped 
6s — Sawed 
66 — Scraped 
67 — Secured 
68 — Shimmed 
69— Set. 
70— Spliced 
71 — Stenciled 
72 — Straightened 
73 — Stripped 
74— 

75 — Tapped 
76 — Tested 
77 — Threaded 
78 — Tightened 
79— Trammed 
80— Trimmed 
81— 
82 — Washed 



TIME STUDY 

364. What time study is for. Time study has for its chief pur- 
pose the obtaining for the plant management of information as to 
the length of time that a job should take. This is quite different 
from time records showing how long the job has taken. It is 
really timekeeping placed on a scientific basis; science of any 
kind consisting of investigations which secure actual facts or truths. 

Since the complete time study of an operation usually takes 
a great deal longer than the performance of the operation itself 
many times over, the question may arise, especially on work which 
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is not frequently repeated, as to its value in dollars and cents. 
This is best answer^ by the words of the chief exponent of time 
study methods, F. W. Taylor, as given in his book on ''Shop 
Management" 

*' No system of time study can be looked upon aa a success unless it 
enables the time observer, after a reasonable amount of study, to predict 
with accuracy how Ions it should take a good man to do almost any job in 
tbt particular trade. It is true that hardly any two jobs in a given trade 
are exactly alike, and that if a time student were to follow the old method 
of studsring and recording the whole time re9uired to do the various jobs 
which come under his observation, without dividing them into their elements. 
he would make comparatively, small progress in a lifetime, and at best would 
become a skillful guesser. It is,, however, equally true that all of the work 
done in a given trade can be, divided into a comparatively small, number of 
elements or units, and that with proper implements or methods, it is compara- 
tively easy for a skilled observer to determine the time required by a good 
man to do any one of these elementary units. 

'* Having carefully recorded the time for each of these elements, it is a 
simple matter to divide each job into its elementary units, and by adding 
their times together, to arrive accurately at the total time for the job." 

It is evident that the mere knowledge of the proper time for an 
operation will prove of little value unless it be connected definitely 
with activities as a standard of action. To this end, the results of 
time study are compiled in the form of instruction cards (see 394), 
detailing the proper manner in which to perform all of the elements 
of the operation, for use by the operator. In this way, time study 
leads to standardized actions and makes the best use of experience. 
To furnish an incentive to the operator other than the mandate of 
the nmnagement, the results of time study are combined into the 
compensation system used, so that one who performs the task in 
the proper time will be suitably rewarded. For this purpose the 
time observations constitute the basis of rate setting. 

865. The difference between timekeeping and time study 

observmtioos. Time study is realty based on a special method of 

time taking, the ordinary shop time records not giving enough 

detail to be of value for the purpose of making time studies. For 

example, a lathe operator is given a cylinder to bore and face. 

The ordinary timekeeping methods wovud record this as follows: 

(i) Boring and facing cylinder aH hours. 
In some plants where operation costs are kept, and the records are divided 
according to each operation performed, we might find the following: 



fa) / ^'^"^ cylinder x>i hours. 



, facing cylinder iH hours. 
(Or, subdivided as to chuckings) 
first-chucking 

bore iH hours. 

(3) < face H hours, 
second chucking 

(^ face H hours. 

Carrying the subdivisions one step further, we might distinguish 

the chucking time from the cutting, and the rough from the 

finishing cuts. 

chuck H houi 

rough bore H houi 

finish bore H houi 

rough face H houi 

finiw face H houi 

rechuck H houi 

rough.face V4 houi 

finish face H houi 
> Even quarter-hours would be an impossibility in an actual case. 
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When we reached this point of refinement, to have the various 
items timed with any decree of accuracy, we would have to put an 
" observer " at the machine, and not depend on the mechanic to keep 
the time records. And this may be said to be the line that divides 
time study from timekeeping. 

Another distinguishing feature may be illustrated at thb time. 
Take example (i) boring and facing cylinder, 2H hours. There 
is nothing interchangeable about the information conveyed; in 
other words, it could not be applied to anything except the par* 
ticular piece on which the work was done. When we approach the 
detail which is entailed in time study, as in case 4, we begin to get 
interchangeable elements. For example, if our roughing time for 
boring a 5 X 5 inch hole b observed to be 45 minutes, and the 
machine bias been operated properly, we would expect to get other 
holes of the same size in as good a time, even though the general 
shape of the casting was difterent, and the succeeding opera- 
tions were different. 

We have only begun to scratch the surface in the matter of sub- 
division. Each of the subdivisions in (4) may be further divided 
in great detail. The chucking in the above case is evidently a catch- 
all for the miscellaneous actions which occur before the cut, such as 

Reading blueprint. 

Putting sling around casting. 

Lowering chain hoist and attaching sling. 

Hoisting. 

Getting clamps and bolts. 

Preliminary securing to face-plate. 

Taking off sling. 

Tracing up. 

Pinal tightening of clamps. 

In similar manner, the time coming under the subdivision of rough 

boring in (4) could be elaborated into various actions, including: 

Selecting tool. 

Placini^ in tool post. 

Adjusting tool. 

Tightening tooL 

Setting calipers, or securing gages. 

Adjusting speed. 

Adjusting feed. 

Advancing or retracting cross slide. 

Advancing carriage by nand. 

Cutting for size. 

Calipering. 

Settin|( cross slide. 

Throwing feed. 

Rough cutting. 

Disengaging feed. 

Retracting carriage. 

And so on for each of the subdivisions made in (4). By the time 
the analysis is completed we find that the simple operation (i) 
boring and facing cylinder, has become 100 or more separate 
actions. We would also find that the actual time of cutting was but 
a small portion of the whole, and probably the easiest of all to 
control since it may be done mechanically. The timing of these 
individual actions, and the study of the records so obtained con- 
stitutes "time study." 

386. Distinction between time study and motion stndy. Going 
<^*^ill a step further, we might pick out any one of the subdivided 
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actions above described and resolve it into elementary- motions. 
Then, instead of loo or more observations we would possibly have 
a thousand. This is "motion study." 

It is obvious that to apply motion study, or even time study, as 
a substitute for our ordinary timekeeping methods would be 
a prohibitive expense, for we would need a time-study man for each 
operator. Time study, however, is not intended as a substitute 
for timekeqping, but as a means of securing accurate information 
regarding dementary and even complex operations so that we may 
know if they are being completed in uie best manner and the shortest 
time. 

867. Interchangeable actions. It is found with time or motion 
study, that the interchangeability of actions or motions reduces 
the necessary amount of work considerably. For example, the 
machine operator will go through the same motions in throwing his 
shifter to start and stop his machine, whether he is working on a 
large or small piece, and whether he is turning, boring or Uidng. 
So that this time, once obtained, stands good for any kind of work 
done upon that machine. It is quite similar to learning a new 
language — when we have mastered two or three hundred words it is 
possible to express any ordinary thought, whereas if we had to learn 
each possible sentence or construction it would be an endless task. 

368. Motion study methods. The apparatus and methods of 
making motion studies is somewhat more complicated than that 
for time study. The human eye as a rule is not quick enough to 
separate and anal3rze each motion of an operator, much less time 
it. To overcome this difficulty, the moving picture machine has 
been used, making photographs of skilled operators engaged at 
certain operations. These are taken at the usual speed, but in 
using them are either run slowly, or studied individtudly, so that 
the eye has time to follow each motion. Such methods are out of 
the question tmless the operations studied are repeated frequently 
enough and by enough employees to run into laxge amounts of 
money. 

A simpler method has been used which consists of attaching an 
electric bulb to the operator's hand, and photographing the path 
of light on a sensitive plate, to show the path described by the 
hand, and determine if it has been the shortest one. The time 
dement is sometimes measured in cdhnection with the latter 
scheme by having the bulb flash at regular periods. Frank B. 
Gilbreth is the originator of this method. 

In making use of motion studies to find the most efficient way to 
perform work, several skilled operators are chosen as subjects. The 
oest ways of each are combined into a standard way as the residt. 

While so-called motion study is beyond the refinement of those 
in the average shop, motion study really is closely connected 
with time study, and follows it as a natural result. Without using 
moving picture apparatus, or cameras, the time study man when 
analyzing his records will give thought to arrangement of conven- 
iences in connection with the length of time required on the analyzed 
actions. He may see that a shifter is wrongly placed, requiring 
the operator to stretch to reach it, or that the floor is a long w< 
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from the> chuck when it comes to lifting up castings, and that a 
casting bench should be provided. This is really motion study of a 
profitable kind. 

369. Distinctioii between ifwHimg time and machine tfane. 
The ease of making time studies varies with the more or less auto- 
matic nature of the machine observed. Time study upon a wholly 
automatic machine would be a simple matter. It would be 
necessary only to secure a record of each operation, and one ob- 
servation of each would be sufficient if accurately done, since the 
machine will repeat them similarly every time. 

At the other extreme are observations made upon o^rations in- 
volving handwork alone. The human factor enters m with the 
elements of variable skill making it necessary to obtain repeated 
observations in order to strike an average. There is also the ques- 
tion of fatigue and consequent rest, which does not apply to the 
machine. 

Many shop operations, and in fact the majority, consist of a 
combination of machine work with hand work. Whatever the 
machine does of itself without the phvsical help of the operator is 
machine work. On the ordinary machine such as the lathe, this is 
simply the actual cutting. On the gear cutter, it includes the 
indexmg as well as the cutting. On the hand screw machine it 
includes in addition to the cutting, the feeding of the stock, the 
rotation of the turret and the throwing out of the feed at the end of 
the cuts. 

Handling work done in connection with machine tools con- 
sists among other things of the actions necessary to place the 
work in the machine and secure it, the starting; and stopping, the 
throwing in and out of the feed, the hand feeding where used, the 
measuring, the filing and polishing, the removal of the work after 
it is finished. It will be seen that the elements constituting handling 
time are much more complex than those constituting machine 
time. The greater part of the work of time study is connected 
with the handling time elements. 

For convenience in using the results of time study for standard 
time and rate setting, as described in (385), it is necessary to make 
sharp division of handling time and machine time on the observa- 
tion sheets. 

870. Time Study. Following is an excerpt from a discussion by 
F. W. Taylor on the report on industrial management of a com- 
mittee of the American Societv of Mechanical Engineers. It 
sets forth both the analytical and constructive work of time study in 
the shop. 

The analytical work of time study is as follows: (a) Divide the 
work of a man performing anv job into simple elementary move- 
ments, (b) Pick out all usdess movements and discard them. 
(c) Study, one after another, just how each of several skilled work- 
men makes each elementary movement, and with the aid of a stop- 
watch select the quickest and best method of making; each ele- 
mentary movement, known in the trade, {d) Describe, record 
index each elementary movement, with its proper time, so 
' I can be quickly found. («) Study and record the percentage 
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which must be added to the actual working time of a good workman 
to cover unavoidable delays, interruptions, and minor acddenta, 
and so forth. (/) Study and record the percentage which must 
be added to cover the newness of a good workman to a job, the first 
few times that he does it. (This percentage is quite lar^e on iobs 
made up of a large number of different elements composmg a long 
sequence, infrequently repeated. This factor grows smaller, 
however, as the work consists of a smaller number of different 
elements in a sequence that is more frequently repeated.) (g) 
Study and record the percentage of time that must be allowed for 
rest, and the intervals at which the rest must be taken, to offset 
physical fatigue. 

The constructive work of time study is as follows: (a) Add together 
into various groups such combinations of elementiuy movements 
as are frequently used in the same sequence in the trade, and record 
and index these groups so that they can be readily found, (b) 
From these several records, it is comparatively easy to select the 
proper series of motions which should be used by a workman in 
making any particular article, and by sunmung the times of these 
movements, and adding proper percentage allowances, to find the 
proper time for doing almost any class of work, (c) The analvsis 
of a piece of work into its elements almost always reveals the fact 
that many of the conditions surrounding and accompanying the 
work are defective. For instance^ that unproper tools are used, 
fhat the machines used in connection with it need perfecting, that 
the sanitary conditions are bad, and the like, and knowledge so 
obtained leads frequently to constructive work of a high order, to 
the invention of superior methods and machines. 

871. Time-study methods. The chief requisite for successful 
time study is an intelligent observer who is familiar with shop 
practice and has sufficient judgment to tell if a man is holding back 
or working up to his best capacity. His tools will be a stop watch 
and note b€K>k. Sometimes a portable desk is provided which 
may be wheeled to a favorable position near the work to be observed. 

Time observations should be taken only after the method of 
doing the work has been studied in connection with the tool equip- 
ment used, so that it represents the best practice that can be devised. 
Otherwise it might be necessary to discard observations which cost 
considerable time, effort and money on account of a slight change 
in method. And it will generally be found that the results of 
the time study on any particular operation will result in discovering 
even better methods of handling the work, so that the best known 
at the time should be had at the start to get tl\e very best after 
the work is done. 

It is quite necessary to make exact notes of the means and 
process employed during the observation, the tool set up, the opera- 
tor's name, and whether he is working up to capacity or holding 
back. Previous to making the time observations, the time sheet 
should be prepared in detail with the proper actions noted in their 
proper order, as the observer will seldom have time to do this 
work and manipulate the stop watch at the same time. 

As a rule, observations should be made on first-class men. 
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although it is unfair in some cases to sdect the exceptionaDy ildlled, 
as time limits might result in rate settiog that would permit of no 
one but this man earning a premium. 

Sometimes it is found desirable to make time studies in less 
detail than usually recommended, far example on work which occurs 
but seldom and which will not permit of the expense oE elaborate time 
study work. Such work may be more broadly classified somewhat 
as follows; 

ChuckiDE. 
Rough Cuti. 



878. Geo. D. Babcock, production managerof the H.H.Frankhn 
Co. of Syracuse, in describing the result of " Scientific Management," 
Moras MACHINB NO. sflV 
il G™^t?on 

> Pick up diff.. [and in vise and tighten, .!! ^ ! \ !.!!.'.' .' 



4 Looaen viae, turn diff.. tighten viae 

J File cftpacrews — , 

6 Looaen viae, turn diS.. tighten viae 

J Pile oapscrews 

Turn diff. 00° tighten viae 



6 Tighten nuta with wrench. , 

Tighten viae 

Alinn rivet holes ivilh drift. . 

Land assom. in box 

Rctoni to bench 



Pio. soa.'-Oriiiini 
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in the Franklin plant, ^ves some interesting examples of time study, 
with the resulting savings. American Machinist, vol. 40, p. 1063. 
In Fig. 304 are shown two time studies of assembling a bevel gear 
to the differential, study A being the preliminary one. made before 
constructing the operator's instruction sheet, and study B represent- 
ing the improved process selected as standard. Operation i, 
study i4, was eliminated in study B by having the material placed 
oh the bench by the move man. Operations from 3 to gA were 
combined into operation 2B, The man was instructed to do all 
burring with differential clamped in the vise after he had wiped off 
the grease. This eliminated loosening and tightening the vise 
three times. In a similar manner, by using thought the remaining 
operations are simplified and reduces! until study B requires 3.77 
minutes as against 8.69 minutes required under the original plan. 

DATE 2-21-1914 



Study A 












* 




Min. 


3 


3 


4 


S 


6 
0.09 
0.16 


7 
8.41 

0.17 


8 


Aver. 


Time 


0.16 


0.17 


0.12 


0.16 


0.25 


8.58 


o.x6 


0.156 


0.13 


O.S7 


0.78 


0.58 


0.62 


0.62 


0.65 


0.7X. 






0.73 


0.9S 


0.70 


0.78 


0.87 


9.23 


0.87 


o.6ao 


0.50 


O.ll 


0.04 


0.27 


0.07 


O.IO 


O.II 


O.II 






0.84 


0.99 


0.97 


0.8s 


0.97 


9-34 


0.98 


0.0875 


0.07 


0.6s 


0.74 


O.X8 


o.ss 


0.S7 


0.43 


0.35 






1.49 


1.73 


I. IS 


1.40 


1. 54 


9.77 


1.33 


0.523 


0.41 


o.oS 


0.07 


0.08 


0.09 


O.II 


0.07 


0.08 






1.57 


1.80 


1.23 


1.49 


1.65 


9.84 


1. 41 


0.0813 


0.07 


0.28 


0.41 


0.35 


o.si 


0.60 


0.21 


0.44 






1. 8s 


2.21 


X.S8 


2.00 


2.25 


10.05 


1.85 


0.385 


0.30 


0.08 


0.08 


O.IO 


0.09 


0.12 


0.07 


0.08 






X.93 


2.29 


1.68 


2.09 


2.37 


10.12 


1.93 


0.085 


0.07 


0.09 


0.07 


0.08 


0.14 


O.II 


O.OS 


O.II 






2.02 


2.36 


1.76 


2.23 


2.48 


10.17 


2.04 


0.095 


0.08 


2-43 


1.76 


1.44 


1.29 


1.56 


1.76 


1.53 






4-45 


4.12 


3.20 


3-53 


4.04 


11.93 


3.57 


2.60 


0.22 


0.48 


0.49 
4.61 


2.08 


1.48 


1.64 


1-39 


2.02 






4 93 


5.28 


5.00 


5.78 


13.32 


5. 59 


0.524 


0.43 


0.12 


0.13 


0.14 


0.23 


O.IO 


O.IO 


0.08 






S.OS 


4.74 


543 


5.23 


5.88 


13.42 


5.67 


0.105 


0.08 


0.71 


1. 31 


0.45 


0.43 


0.20 


0.5s 


0.37 






S.76 


6.05 


5.87 


5.66 


6.08 


13.97 


6.04 


0.558 


0.45 


0.13 


0.25 


0.23 


0.22 


0.17 


0.22 


0.77 






S.89 


6.30 


6.10 


S.88 


6.25 


14.19 


6.81 


0.264 


0.22 


0.23 


0.23 


0.20 


0.22 


0.31 


0.33 


O.S4 






6. 12 


6.53 


6.30 


6.10 


6.56 


14.52 


7.35 


0.296 


0.22 


0.63 


1.05 


0.88 


0.98 


1.02 


0.60 


0.82 






6. 75 


7.58 


7.18 


7.08 


7.58 


15.21 


8.17 


0.895 


0.72 


0. Ji 


0.02 


0.08 


O.IO 


0.08 


0.12 


O.IO 






6.86 


7.60 


7.26 


7.18 


7.66 


15.33 


8.27 


0.0963 


0.08 


0.03 


0.04 


0.03 


0.03 


0.03 


0.03 


0.03 






6.89 


7.64 


7.29 


7.21 


7.69 


15.36 


8.30 


0.0363 


0.03 


I. II 


1.42 


0.45 


0.60 


0.20 


1.73 


0.26 






8.00 


9.06 


7.74 


7.81 


7.89 


17.09 


8.56 


1.03 


0.83 


0.03 


0.04 


0.03 


0.03 


0.02 


0.03 


0.03 






8.03 


9x0 


7.97 


7.84 


7.91 


17.12 


8.59 


0.30 


0.03 


O.X2 


0.20 


0.12 


0.12 


O.II 


0.12 


0.11 






8.15 


9.30 


7.89 


7.96 


8.02 


17.24 


8.70 


0.I2S 


O.IO 


0.17 


O.IO 


O.II 


O.II 


0.18 


0.09 


0.12 






8.33 


9.40 


8.00 


8.07 


8.20 


17.33 


8.82 


0.126 


O.IO 



Average total time 8 . 69 
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,-up used in Fig. >04. 



Pig. 105 illustrates the savings in cost which result from careful 
time study. These examples taken from actual successful practice 
are a strong argument for the value of time-study. * 

3T3. Fig. 306 is a set of time observations made at the Link 
Belt Co's plant. This requires no explanation and shows how one 
set of observations may be made to cover a great range of sizes. 
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Observer's Name. L. Klauke Machine. Brown ft Sharpe Gear Cutters. 

Biuldcrs' No. 3. 4. 5. 6. 
Workman's Name. Walter Norgrave Date, 6-29-05. Piece. Shop No. xxx. 

iia, 113, 117, 118. 
1X9, 123; 4c.. 7c.. 8c., 
Weight, up to 2000 lb.; time in hours. 50. , 6c., 2c.. 3c., 



Handling 

time 

found 

on ins. 

card 



Preparation 



Time for 
high rate 



4470 

4473 

447S 
4479 



Extra time for setting and removing 
first wheel 

Changing arbors (not allowed on 6c.. 
and 7c 

Setting cutters, all kinds 

Setting roughed out wheels to cutters 



o.xio 

0.075 
0.065 

0.019 



0.019 

Handled by hoist Yale & 
Towne 4000 lb. triplex 



Operations 



•d CVjQ 



Above 

xoolb. 

up to 

500 lb. 



Above 

500 lb. 

up to 

I OOP lb. 



Above 
1000 lb. 

up to 
2 000 lb. 



x Roll or carry wheel to machine, xo 
ft. away 

2 Put mandrel bushiog in wheel 

3 Put chain on wheel (around rim) 

and on hoist hook 

4 Chain draw taut (by hoist) 

5 Hoist wheel (L-ax6) 

6 Trolley wheel to position 

7 Put wheel on arbor 

8 Remove chain from hook and from 

rim of wheel 

9 Trolley hoist away 

zo Bridge hoist away 

I X Put nut on arbor 

X2 Tighten nut. up to x->i"-l - 0.002. 

above x-H"-/ ■■ 0.00167 -f- 0.0025^ 

13 Run up back nut. 

14 Adjust screw in rim rest 

X5 Start machine, feed in 

x6 Run cutters 

X7 Stop machine 

x8 Peed out catch back 

19 Run cutters back 

20 Loosen arbor nut.. 

2X Remove arbor nut with wrench. 

22 Run screw back in rim rest 

23 Force wheel loose F-> 0.00167 X B 

(diameter of bore in inches) 

24 Bridge hoist to machine 

25 Trolley hoist to machine 

26 Put chain around rim and on hoist 

hook 

27 Chain drawn taut by hoist 

28 Remove wheel from arbor 

29 Trolley wheel to one side. 5 ft* • . . - 

30 Lower wheel to floor (L-2x6) 

3 1 Remove chain from hook and wheel 

32 Remove bushing from wheel 

3i Put tag on wheel 

34 Roll or carry wheel to one side ( xo ft.) 

Total minimum time, operation 5, 
12. 23 and 30 not included. 
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Pig. 206. — ^Tabulation of handling time observations of hand work on 
machine tool time for putting wheels in gear cutters and removing. 
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Bore Of 
wheel 
in in. 



Formula for machine time. 
(face" + clearance") X teeth 



Cutter r.p.m. X feed per rev. 
*time in minutes. 



.9 



d 



2 
3 
4 
5 
6 

7 
8 

9 
lO 
II 
la 



0.0476 
0.0540 
0.0603 
0.0666 
o.o7a6 
0.0790 
0.085a 
0.0915 
0.0977 
0.104 

O.IIO 



0.0875 
0.0937 
o. 100 
0.106 
0.113 

0.119 
o.ias 

0.13X 
0.138 

0.144 
0.150 



o. 100 
0.X07 
0.113 
o.iao 
o.ia6 
0.13a 
0.138 

0.144 
0.150 

0.157 
0.163 



o.iia 
0.118 
o.ia4 
0.131 
0.137 
0.143 
0.149 
0.156 
o.i6a 
0.167 
0.174 



Minimum handling time -f 50 per cent. ■ Time allowed. 

Formula and constants for machine time. 

874. The principles of time study are applicable to all of the 
trades in which manual and medianical labor are combined. 
One of the departments which can profit greatly by time study 
and yet to which it is seldom applied, is the foundry.^ The follow- 
ing is an illustration of time study of a molding-machine operation, 
reproduced from the American Machinist, vol. 39, p. 616. 

Description of operation. Molding Drag and Cope. Hardware castings 
malleable. Barred flask ai^ by 14^ m., aH in. drag, afi in. copeF-4. High- 
speed molding machine. 
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tions 
of 
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tions 
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min- 
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Helper 












Blow off pattern plate* 












swing sand frame above 


Pick up drag and put it 










cope, shake parting and 
riddle sand on pattern. 


in place 


1.9 


0.03a 


0.174 


10.4 


Fill up drag (a shovelfuls 










Fill up cope (2 shovd- 


and put sand in riddle 


6.4 


0.107 


o.iis 


6.9 


fuls). 


Riddle sand on drag top. 


9.0 
4.5 


0.150 
0.07S 








Strike off surplus sand.... 


0.075 


4.5 


Strike off surplus sand. 


Swins on the pressing 
head and lock it 










Swing on pattern plate 


1.8 


0.030 


0.133 


7.4 


with cope on 


Squeexe and hook cope. . 
Draw pattern plate and 


s.s 


0.090 


















finish gate holes with 












fingers. 


7.7 


0.130 


0.056 


5.6 


Start vibrator. 


Apply pressure to close 


Swing out pattern plate 


mold and unhook cope. 


1.9 


0.031 


0.065 


3.9 


and put cope on. 


Release pressure-spring 
out pressing head and 












lock finished mold 


1.8 


0.030 


0.030 


1.8 


Lock finished mold. 


Place mold on floor (on 










Place mold on floor (on 


end) 


4.5 
45.0 


0.07s 


0.075 


4.5 
45.0 


end). 






Total 


0.750 


0.750 









No. 7 riddle. 



No. 7 riddle. 



Lb. 



Weight of an empty shovel 6 

Weight of sand in shovel aa 

Number of shovels in each partof flask ^-44 

Weight of sand in the two parts of flask 88 

Weight of the two empty parts of flask 83M 



Total weight 

Fig. 207. — ^Time study of molding operation. 
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876. Time studies In ilie small shop. It has been stated that 
time-study methods may not pay under certain conditions, such 
as too great a variety of work which is not repeated frequently. 
The small manufacturing plant which works on a fixed line of work 
offers great opportunities for economies effected through time 
study. Not only will better methods present themselves through 
its use, but it is the only proper way to proceed toward setting piece 
rates or premium time limits. In many cases it will pay to have a 
special time-study man where the number of operators does not 
number over a dozen. Assuming that the average day rate of such 
a shop is $2.50 per man, and that the profit per man averages 50 
cents per day, it would be a paying investment to have a man for 
this purpose and pay him $3 per day, since the output per man will 
generally be doubled by time studpr and the resulting premium rates. 
For, assuming that the firm gams nothing in immediate profits 
after paying for the time studies, it is not long before the small line 
is thoroughly standardized. Also, when the small shop grows, 
and a small shop which is progressive enough to adopt such methods 
is surt to, the additional profits coming through the employment 
of more hands will well repay the initial cost of standardized time. 
In many cases, the foreman or timekeeper in a small plant can find 
the time to make one or two time studies a week, which if continued 
faithfully will cover the field in a comparatively short time. The 
head of a small shop is frequently a practical mechanic himself, 
and since as a rule he does not hesitate to put in more than the usual 
number of hours per day to advance his business, no better way can 
be found to do so than to take the records of time study home with 
him and devise short cuts and improved methods. 

376. Physical conveniences in assembly.^ Time study of as- 
sembly operations will indicate the possibility of cost r^uctions 
through installing special conveniences for handling the work. 
In large typewriter plants, for example, not only is the assembly 
divided into distinct operations which are performed by specialists, 
but great attention is given to the construction of the benches, 
tables, work holders, and the like, which are used by the men, so 
that all material is available in most convenient form with the least 
exp>enditure of energy required to reach it. Hand motions are of 
their nature likely to be so much less efficient than the machine 
operations that this is an especially fertile field for improvements. 

877. The use of phsrsical conveniences is not restricted to the 
assembly department altogether. As an illustration of this, the 
author observed in a large clock factory a group of automatic screw 
machines which were arranged on a bench in single lines covering 
possibly 100 or 150 feet in length. To facilitate the movements 
of the operator who attended to these machines, he was provided 
with a stool mounted on wheels running upon a track which ex- 
tended the entire length of the bench. A slight push or pull upon 
the bench moved the operator upon his movable stool to anv 
machine which required attention in much less time and with much 
less expenditure of energy than would be required if the operator 
had walked. In this way one man was able to look after 25 or 30 
machines without undue exertion. 
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RATE SBTTING 

378. Selection of a working principle with regard to rate setting. 

The first step in rate setting is the selection of a working principle, 
or standpoint with regard to the extent that the worker is to benefit 
with the firm in connection with the savings made. This will 
vary according to whether a fair profit is or is not already being 
made. The more liberal the policy pursued, the better will be 
the general results obtained. 

Before making rales, all changes found desirable or necessary 
through the time study should be made. The operator's confidence 
should be secured by taking him into consultation in the matter and 
listening attentively to any suggestions or complaints that he may 
have to make. 

879. J. C. Spence, superintendent of the Norton Grinding Co., 
in a paper presented at the Machine-tool Builders Convention, 
19 14, has this to say with regard to a new principle in rate setiing: 

The rates are set on the principle that since it has been found possible 
to reduce the cost and the concern was satisfied with that cost before this 
discovery, then the new rate can be placed well above what it can be actuidlF 
done for. This is contrary to the old spirit of management.^ but is right in 
line with what most machine-tool men, at least, believe, and ia the only way 
you can get your men into business for themselves. 

Speaking of the proper qualifications of a rate setter, Mr. Spence 

says: s 

I brieve the greater savings can be made by having a skilled man 
study, the job from an inventor's standpoint, rather than from that of an 
historian or recorder; all interferences with production are not evident to a 
mere observer. A management that will accept, without considering it 
as a personal affront, the statement that it is not as efficient as it could easily 
be made, and is so constituted mentally that it is eager to share with the 
producer in any saving that may be made, will easily find ways to reduce 
cost, and need have no fear of either being unable to get good men or to 
hold them loyaL 

380. Effect of rates based on time study upon the workmen. 
Geo. D. Babcock, production manager of the H. H. Franklin Co. 
of Syracuse, in a paper presented before the National Metal Trades 
Association, has this to say regarding the process of making time 
studies and the effects on the employees of prices which are based 
upon them: 

Time studies have been made almost entirelv on the shop floors. These 
could be made in a tinie-study laboratory with selected men, but we lose 
one of the most vital things for satisfactory conduct of this work, and that 
is what may be called tne "shop constant" and fatigue allowance. We 
must make our time studies under the conditions we expect to operate. 
If made in a laboratory we must expect to operate under the highest possible 
efficiency as indicated by the laboratory method after the work is put into 
the shop. _ Pew shops have operating standards sufficiently high to do this. 
It takes time and a great amount of work and cost to reach high standards, 
but it is without doubt the desirable end to obtain. 

On the alternate day after the workman's effort he is given a report 
of his accomplishment of the day. This report shows the parte worked on. 
the day work earnings, and the premium earnings. Our method of pair is 
a fixed day rate with premium, not because we have selected this as being 
the best, but for the reason that almost any method of pay if based on 
time study will be fairly satisfactory. 

^ A recent study of the record of men working under time study shows a 
high percentage of attendance and a considerable reduction in lates as 
compared to periods before they were workirig under time study. There 
was no indication by absences or lates of fatigue of the workman. It is 
remarkable to note, as mentioned, that the attendance has been materially 
better, and especially noticeable because the base or day-rate was not re- 
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dtaced but has been gradually increased; the men's earnings are higher than 
before, and it is evident that they are not obliged to attend work on account of 
lack of sufficient pay as compared to the previous period. I am absolutely 
satisfied that there is not only no increase of fatigue for a given effort, but 
that there is a general decrease due to the continued uniformity of effort, 
and the better preparation and maintenance of tools and equipment. 



881. Basis of rates. The basis for rates depends upon the degree 
of refinement of the methods and time systems obtaining in the plant. 
The following are four different plans from which rates are based: 
Arbitrarily; on past performance; on demonstration; on time study. 

382. Arbitrary rating. Arbitrary rate setting is not as frequent as 
it was formerly. In making rates in this manner, the foreman, 
who was usually the rate setter, would ''use his judgment" re- 
garding the price. The result was an interesting series of prices 
ranging in correctness from those in which a good man would 
have to hustle to make a half day's pay in lo hours, to those which 
were regarded as soft. Occasionally one would be nearly right, 
but it was more luck than science. The author had experience in a 
foundry where this method of rate setting existed, and found that 
tbe foreman had his hands full keeping his men pacified and divid- 
ing up the good jobs. The only apparent advantage was the 
ease of getting rid of an undesirable witnout firing him, which could 
be done by running him on ''cheap" jobs for a tew days. 

383. Past perfonnance as a basis. Basing the prices or rates on 
past performance was somewhat better. That is, when records of 
past performance had been kept which allowed the separation of 
time on operations that were to be priced. A common plan is to 
assume that the day-worker does not exert himself to his full ex- 
tent, which is probably true, and allow a percentage to cover this. 
This percentage varies from 30 to 40 per cent. For example, in 
setting a piece price based on a past performance which cost 30 
cents for the operation, from 9 to 12 cents would be deducted for 
the piece price. Similarly, in setting time limits for premium 
plans, the base time would be calculated by dividing the perform- 
ance record by from 60 to 70 per cent. 

The disadvantage of basing prices on past performance records 
lies in the fact that old methods are taken as standard, instead of 
looking for something better. A change in the method of com- 
pensation is an opportune time to change the method of doing the 
work, if there is a better one to be had. There is also the dis- 
advantage with this scheme that it does not necessarily embody the 
proper time with the method considered, even wiUi the allow- 
ances for holding back which are usually deducted. For example, 
in one case the record may be based on tbe work of an exceptionally 
skillful and industrious workman who could not better his perform- 
ance materially under piecework; in another case it may be based 
on the time of a professional "soldier." 

884. Demonstration as a basis. A skillful operator is called 
upon to finish the piece or perform the operation in question, and 
prices are based on the results so obtained plus usually a small 
aUowance. If we could select a demonstrator who would be a 
typical average man as far as skill *is concerned on all kinds of 
work, this scheme would not be bad. The difficulty comes in 
setting such a demonstrator. He is likely to be an expert on one 
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machine or line of work, and below the average on others. Prices 
will be closer when set on demonstrated time, but they will not be 
right nor fair. It is not always a correct argument that "if I 
can do this you can," as evidenced in the cases of the circus pet- 
former and his spectators. Some demonstrators are really "circus 
performers" on some particular jobs, and the attainment of their 
performance is as difficult to the average man as to accomplish 
such a feat as walking the tight rope. Demonstrators have thdt 
value, as teachers (see 398), but as rate setters they are not entirely 
satisfactory. 

SB6. Time studj as a basis. The proper plan is unquestion- 
ably that of basing the rates on the results of time study. This 
eliminates the disadvantage of unreasonable standards, which is 
found with the other methods, and also gives the clearest posable 
indication of improved methods which may be embodied. The 
(natter of the degree of skill represented or called for by the rate 
must be determined by the general policy in the matter of rate 
setting, as described in (378-379). 

S66. MInliniiiii dme. Minimum or least time, as it is sometimes 
called, is the time derived from combining the time-study elements 
representing standard performance for each of the elements com- 
posing the operation, and eliminating all unnecessary ones. The 
periods of rest do not enter minimum time, or allowances of any 

387. Base, or allowed time, is the time given to the workman, 
or used as a basis for the piece price. It is composed of the mini- 
mum time plus a figure representing allowances for fatigue, and 
other necessary factors, 

888. Allowance for fatigae. This is a factor which varies from 10 
to 80 per cent, according to the nature of the work and the amount 
of strain involved. Heavy work will call for the larger allow- 
ance, and light work which is done without much strain may 
take the smaller one. The selection of fatigue allowances is a 
matter which can be determined only by experience and which re- 
quires considerable judgment. The allowance for fatigue is figured 
solely on handling time. 

389. Allowance on machine time. Although a machine does not 
feel the effects of fatigue, it is customary to allow a factor over 
and above the actual machine time as determined by time study. 
This varies from 7M per cent, to is per cent, according to the 

ditional allowances are added in 
lant it is customary to allow ij 
rsonal needs of the operator, and 
lis. Whether these factors are 
r are included in the two general 
3ptional matter. In the plant 
: base time is arrived at in the 
ne-sludy lime is added all of the 
ge of the 15 minutes per day for 
the 50 minutes pet day for tool 
>b. The result obtained is in- 
ablish the base time. 
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St 1. BzamplM of diStrent methods of com^tiag bMo tliiio. 

(a) Prom results of time study on heavy engine assembly, the minimum 
time is found to be 30 hours. As this work is physically hsA-d and requires 
considerable lifting, we add to the base a fatigue allowance of 70 per cent., 
arriving at a base time of 51 hours. Previous best record was 65 hours. 

(6) Borixig and facing small gears in turret lathe. 

Tinu^tudy Results Allowances, per cent. 

Handling, per 100, 6 hours. 40 on handlinp^, 3.4 hours. 

Machine tmie, xoo, a hours. 10 on mach. tmie, 0.2 hours. 

Total base time, zo.6 hours. 
Previous best record, 1^.3 hours. 

(c) Automatic screw machine. 

Handling time, per xoo pieces x hour, 30 minutes. 

Allowance on handling, as per cent 22.5 minutes. 

Machine time, per xoo pieces 7 hours, 40 minutes. 

Allowance on machine time, xo per cent 46 minutes. 

Total per xoo 10 hours, x8^ minutes. 

Total for one 6. 185 minutes. 

Additional allowances: 

For tool care 30 minutes per xo hours. 

For set up 20 minutes per 10 hours. 

(Average from experience.) 

50 minutes per xo hours, or 8.33 per cent. 
6.185 X (x + 0.0833) ■■ 6.7 minutes each, adopted as standard production 
time, as a basis for xoo i>er cent, efficiency. 

892. Changes in piece rates or tfane standards. The question 
of guaranteeing rates and of justifiable changes is an important 
one in connection with rate setting. The method differs in connec- 
tion with the nature of the general system of management involved 
and the distinct compensation sjrstem employed. 

For example, with straight piecework it is often absolutely 
necessary, for its success, that the rates be guaranteed for a period 
of at least a year, as otherwise the operators will hold back in antici- 
pation of a cut. 

This condition is caused by the lack of definite knowledge on 
the part of the management of how long the job really should take 
when the rate is first established. The earnings of the operator are 
taken as a gage of the correctness of the piece price; if they are 
large the price is figured as being too high and a cut foUows. Know- 
ing this, the exceptionally skilled workmen naturally do not exert 
themselves for results beyond the average. 

Where rates are guaranteed, it is often under the condition of 
the methods of doing the work remaining the same. In other 
words, a changed method would give rise to an opportunity for 
rearranging the piece price. Sometimes it is difficult to say just 
what constitutes a changed method, as for example when high-speed 
steel is used instead of carbon steel, or other dianges of even less 
importance. 

where systems as above described are in use, since their success 
depends largely upon the confidence with which the management is 
regarded by the workmen, liberality must be shown in these matters 
as a necessary part of good policy. A few cents shaved from a piece 
price often results in upsetting the entire system. 

803. A different view of the matter can be taken where proper 
time standards are established as the result of time study. In 
cases of this kind the rates are established upon facts and any change 
in facts justifies a change in rates without prejudicing the interests 
of the workman. This b clearly explained by Can G. Barth in 

the Americflji Marhinist. vol. ao. n. ioa. il« fnllnws? 
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When rates are based upon a complete analysia of every Bub-operation 
performed by the workman and his machine, and a time allowance made 
tor each of these, it becomes a necessity for the perpetuation of the whole 
method to reanalyze any job that is changed in any particular whatsoever, 
for any reason whatsoever, be it in a inachine operation, or a handling 
operation, or both. 

If then the total time allowance for the new way of handling the job 
differs from that which formed the basis for the old rate, the rate must be 
changed accordingly, and whether this is much or little has no bearing on 
the question. 

The difficulty is evidently due to the fact that few managements as yet 
dictate the feed and si>eed to be used in connection^ with each machine 
operation on a job, and that managers are hence still obliged to miJce a mere 
guess at a proper rate reduction or rate increase whenever sudi changes are 
made in the material as call for a change in the machine time prox>er. 

Changes suggested by the workman himself do not alter the case, though 
it goes without saying that he should receive an adequate reward for his 
su£»estion8. 

This may take the form of his being allowed the old rate for the job for 
a certain length of time; but if so, his instruction and rate card must show 
the old and the new rate, together with a clear explanation. • 
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Pig. ao8. — Instruction card for a pulley. 

INSTRUCTION AND OPERATION CARDS 

8M. Instruction and operation cards. The results of time study 

are standardized by means of instruction cards which describe in 

ktail the methods adopted and the time required or that should be 
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taken for each element. These cards are issued to the operator in 
advance of the next job, sometimes in connection with the produc- 
tion order or time card and sometimes with the tools when these are 
delivered to the machine. 

Figs. 2oS and 209 show two instruction cards used at the Water- 
town Arsenal. They are the results of careful time study by ex- 
perienced mechanics, it being the practice at this plant to use only 
those who have a thorough knowledge of the art for these purposes. 
The result is that a great deal of detail which would have been added 
by one less experienced has been omitted, and the items given are 
combined in such manner as to readily appeal to the practical 
mechanic. 
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Pig. 309. — Instruction card for a rack. 

Fig. 210 shows an instruction card laid out for turret lathe work, 
and abo illustrates the full use of mnemonic symbols. It will 
be noted that actions are more closely analyzed on this card than 
on those at the Watertown Arsenal. It woidd appear that the 
cards used at the Watertown Arsenal were of a form more likely 
to get results with the average mechanic, possibly owing to the fact 
that the mnemonic symbols in the latter case appear to confuse 
the card, unless one were quite familiar with their meaning. 
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The use of mnemonic symbols in this connection is sometimes 
carried to an extreme. Fig. 211 shows the tool list which ac- 
companies the instruction card shown in Fig. 210. 



Operation symbol 
1 MV iH Z 1 B 



Form DM 17 

TOOL LIST 
For machine No. L 26. ^ Draw. No. 7746. 

Tools called for on this tool list must be issued in a tote box. The list 
should be placed in the tag pocket on the box and accompany the tools to 
and from machine. 



Class 



No. 



Symbol 



Size 



Chuck iaws 

2-jaw chuck 

Facing bar 

Fin. face cutter. . . . 
Rough face cutter. . 
4-lip comb, drill. . . . 
4-lip comb, drill. . . . 

Countersink 

Pin. countersink. . . 

Sleeves 

Countersink stem. . 

Bushing 

Bushing 

Reamer 

Floating holder. . . . 
Countersink holder. 

Plug gage 

Plug gage 

Wrench 

Wrench 



CCCA 

CCCP 

DBP 

DCFM 

DCRM 

DDMS 

DDMS 

DJB 

DKAT 

DKCM 

DKCN 

DKCP 

DKCT 

DRAP 

DSBR 

DSLR 

MGMP 

MGMP 

WFSS 

WFSS 



No. 3 
L 16 

iH X xV4 

4H 

4« 

1.488 X X.238 

iMs X xfia 

2 in. 

2 in. 

iH X iH 

i« 

iH X I 

iH X iW 

L 26 
No. 4 

iV4 

xH 

M 
H 



Checks req'd 



Man's No. Hour 



Month 



Day 



8 



1911 



Signed 
R. 



When the tool list is not correct the gang boss must at once report the 
error to the man who signed this list. 

Fig. 2X1. 

396. Operatioii sheets and diagrams. These are very closely 
related to instruction cards, and in fact may be said to be instruc- 
tion cards applied to machine arrangement. Where the machine 
set-up is at all complicated it is necessary to accompany the instruc- 
tion card with a diagram showing the arrangement of tools, chucks, 
cams, and the like. Some examples of operation sheets are shown 
applied to Potter and Johnson semi-automatics, Cleveland and 
Gndley automatic screw machines, and plain turret lathes in Figs. 
212 and 213. 

Operation sheets are also used where time study is not prac- 
tised, to record the machine set-ups which experience has found 
best adapted to the work. This saves considerable time and 
thought each time the machine is reset, and is in line with the 
principles of standardization. Some makers of machine tools 
supply pads of blank operation sheets showing a plain diagram of 
their machine, tool positions, and so on, which are filled in as de- 
sired. 

896. Machine-tool diagrams. The speeds and feeds must be 

^ficd for any piece of work when instructions are given regard- 
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ing the time of comideting it. Unfonunatdy, the speed and feed 
mechanisins of machine tools even of a similar type are far from 
bang similar. It is quite necessary to have the information con- 
cerning these points about every tool in the plant, before much 




can be done in the nay of time study. A good plan is to chart 
the mechamcal speed and feed constructions Tor each tool on aepa- 

897. EconomieB effected in the smaU shop. The use of time 
study, standard time allowances, and a compensation system 
embodying an incentive cannot fail to increase the profits of the 
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study may not be u elaborate ii 
_ T plants, and the standard time all 
may often contain errors, but the vital point is that a mark is set 
and that the tendency resulting is an endeavor to reach it. It is a 
universal trait to desire to reach or surpass standards, whether in 



Ul 



the matter of making new athletic records or in earning a pre- 
mium. The reason that this trait is not more fully used In com- 
merdat and industritkl life lies in the absence of definite standards 
''"h is an omission strictly up to the management- The 
ring extract from the American Machinist, vol. 38, p. S77, 
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Pig. 114. — Ditgnun of Uthe drive. 
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Pic. 115. — Diasram of boring-mill drive. 
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shows how even the crude and elementary use of these principles 
resulted in profits for a small shop in England. 

Speeding up a small shop, A rather interesting example of what 
may be done in speeding up a small shop is contained in the follow- 
ing extract from the personal experience of one of the owners. 

We started business some i6 months ago as a limited company, the 
jnisiness already being established by one of the partners. Our capital 
is not large and is divided into common and preferred shares, the latter being 
preferential as to 7 per cent. The common shares are all held by the partners. 

At present our employees number x8, made up as follows: i foreman, 6 
machinists and fitters, x s^ckkeeper, i clerk, i outdoor representative and 
8 apprentices, none 01 the latter having been with us much over x 2 months. 

Our work consists mainly of machining parts for the automobile txade, 
one or two specialties of our own, a small amount of automobile repairs, 
and during the fishing season. marine oil engine work. 

Our balance sheet for the first xa months ^ows that we have paid 7 per 
cent, on both the pr^erred and common shares, have allowed generously 
for depreciation, and in addition divided among our employees an amount 
equal to 5 per cent, of the wages and bonuses earned by them during the 
period. 

Our system briefly is as follows: The number of pieces we handle of a 
kind may vary 6 to 500, but no matter how large or small the order, it goes 
throu£(h the shop on the^ bonus system. For example: A customer sends 
in an inquiry and blueprint for quotation. The i>oint is carefully studied 
and each operation laid out in a loose-leaf binder, together with the necessary 
time, cost of material, and the like, and indexed under the customer's name. 
This binder is called, the estimated cost book. Should the order be secured 
a production order is made out by the clerk and the operations and times 
copied from the estimated cost book into a similar one known as premium 
bonus times, from which it is copied again on premium bonus tickets. 

The production order, the necessary blueprints and the bonus tickets are 
then handed to the foreman who files them in a rack until he is ready to 
begin the job. Now comes the most important point of the system, that of 
seeing that the work is done in the time specined on the bonus ticket. It 
is the foreman's duty to see that each operation is performed expeditiously 
with minimum tool charges, and to encourage the operator to use his brains 
more and his hands less. 

Naturally the first time a new piece of work passes through the shop 
there is bound to be a kick or two against the time allowed for the* various 
operations; it is then the foreman's duty to demonstrate to the employee 
that not only can the operation be done in the time specified, but in less, 
thus insuring a bonus to the worker. 
^ OcyasinnaTly the iob cannot be done in the time specified in which case 
either the time can be increased or, since the maximum speed at which the 
casting can be machined is the same no matter who does the job, it can be 
given to an operator whose lesser rate balances the increased time allowed, 
or in other words brings the labor cost to the same figure as originally fixed. 
Increasing the time, however, is discouraged, as dimculties can always be 
overcome and the job turned out at a profit by improving the methods of 
going about it. 

The job being finished, it is sent to the insx>ection room together with the 
production order, on which the foreman has entered the necessary notes as 
to the number of^ pieces, the operations, and the operation number. The 
drawing or blueprint and the bonus ticket are also sent in with the work. The 
inspector having examined and passed the job, the bonus ticket is initialed 
ana sent to the pay office. 

If an operator does not make a bonus, the foreman has to explain why, 
and if the fault does not lie with the workman, the ticket is passed but the 
difficulty is noted for correction the next time round. The losses are 
deducted from the gains and the balance paid over to the employee at pay 
time. We treat each week on its own merits and do not carry the losses of 
one week into the next. 

Another important point is that we never cut a time once fixed, unless 
new appliances or machines are introduced, or a set of operations previously 
done by one man is divided among several. We do a fair amount of work 
where the number of pieces to be machined are few, and in some cases single 
pieces. In such cases the job is still put on bonus, but naturally the time 
allowed is greater, and the price to the customer is more. 
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^ It might be thought that it would not pay to issue bonus tickets for one 
piece, but the great advantage is that it keeps up the interest of the worktf 
in his job and enables him to make bonus on one piece just as well as on a 
number. Then, t9o, the work is generally such that it involves say turning, 
marking out,, drillix^ and tapping. One ticket will then do, each operator 
booking his time on it and one man being paid the bonus, who in turn shares 
it with the other men whose efforts have contributed to its success. 

Almost without exception, we give a price beforehand for every job, 
whether for machining a number of pieces or repairing an engine in a boat, 
and in the latter case it pays to use the bonus system. All the machining 
jobs can be given to one man and, the fitting, erecting and testing: to one or 
two more. Thus an inducement is given to treat the job as important and 
not as a "hospital" job. 

This system may seem complicated, but when we mention that all our 
machining is done to Newhalls limits and that one man does practically all 
the estimating, makes all the drawings of jigs and tools for customers' orders, 
writes out all the bonus tickets, performs the duty of shop superintendent, 
and in additi9n handles half the correspondence, besides superintending 
outdoor jobs, it will be seen that there is not such a mass of clerical work. 
It should be mentioned that our clerk has nothing to do with the bonus 
system, beyond making out the production orders. 

398. The value of demonstrators as teachers. Shop demon- 
strators have their field of usefulness, and although they are not 
always desirable in the matter of rate setting, they are especially 
valuable in training new men, a task that the ordinary foreman is 
unfitted for both by disposition and for lack of time. A demon- 
strator and an instructor are about one and the same, except 
that the latter term is usually applied to one who instructs 
apprentices. • 

A demonstrator in this sense is not necessarily a speed boss, 
although he may have something to do with speeds and feeds in 
the matter of showing how a job should be handled. He should be 
a real mechanic, something that is rather hard to find, which is 
further argument for his usefulness, as the average machine operator 
is rather deficient in this respect. 

Especially where tooling and machine operations are not stand- 
ardized, a man who can show the operator the best way to set up 
for the job at hand, the proper way to grind the cutting tools, the 
quickest and most accurate way to chuck or make fast without 
spring or distortion, and other points which come through skfll 
and experience, is a valuable man. The difficulty is to find one 
whose knowledge applies to a variety of machines equally well. 

In the large shop, a demonstrating teacher may be employed 
to look after one class of machines; in the small shop this is out of 
the question. On the other hand, in the small shop a demonstrator 
is not so much needed, since new men are not broken in so frequently, 
and the foreman is usually more or less of an all-round mechanic 
and has more time to apply to these matters than the foreman in the 
large shop. 

The small shop, however, can take advantage of the practice 
of the machine-tool builders in sending out demonstrators on vari- 
ous machines. The makers are glad to extend this service to the 
small shop having one or two machines, in the expectation that 
some day they wiU require more, especially if the small plant is so 
located that the demonstrator can kill two birds with one stone and 
make his visit in connection with visits to other plants. It is 
therefore good policy for the small shop to put \\si^ QiVix«»x^^«Ss3BL 
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machine manufacturers who send out demonstrators that such 
service is desired when they are in the neighborhood. 

COMPENSATION AND WAGE METHODS 

399. Compensation methods. Compensation systems must be 
regarded from several points of view: first, as to their effect on the 
cost of production; secondly, as to their effect on the workmen and 
also the feasibility of applying the particular compensation scheme 
to the work involved. In a great many cases, too little considera- 
tion is given these points before attempting to install a special 
compensation scheme. 

400. Necessity of equalized machine capacity for successful 
bonus or piece payments. With any system of wage pa3anent 
based on the output, the efficiency of the machine worked upon is 
a large feature in limiting the earning capacity of the operator. An 
old machine which is inferior in design, strength, and condition of 
repair coidd not be expected to compete in production with a 
modern new machine particularly suited for the job. Neither 
would it be feasible to make different rates, or set different standards 
according to the nature of the machine on which the work is done. 
C. G. Barth says in this connection (American Machinist, vol. 36, 
p. 54) : "I have found that mth machines of the same doss, differing 
in their speeds y feeds and power ^ a just and efficient premium or piece 
rate system is an impossibility. The universsd failure of such systems 
in the past is in part traceable to a lack of appreciation of this fact'' 
Tlus would seem to limit the successful installation of such systems 
to plants in which the machine-tool equipment was pretty well 
standardized, at least those on which this class of work is attempted. 

401. The following descriptions of existing types of wage systems 
are in large part taken from an article by C. B. Auel, Director of 
Standards, Processes and Materials, Westinghouse Electric and 
Manufacturing Co., which appeared in American Machinist, vol. 36, 
p. 945. The comparison table is also from the same article. 

402. Dajrwork. Daywork is the oldest recorded form of wage 
pa3anent. It is also probably the most extensively employed at 
the present day, and in some plants it seems to be the only prac- 
tical one. The fact that daywork does not necessarily mean high 
cost is evidenced by the fact that the Ford Co., of Detroit, employs 
this system exclusively, their recent addition of profit-sharing meth- 
ods having nothing to do with the efficient results which were 
formerly obtained by daywork but coming as a result of them. 

While the ordinary administration of daywork offers no incentive 
to an increased production, under good management, where accurate 
records of the work are had, a strong incentive may be presented 
in the matter of wage increases. Also there is no reason why stand- 
ard operation times cannot be set under the daywork system as well 
as under any of the others. If these standard time records are set 
to represent average skill performances, those workers who exceed 
them are justified in receiving rates above the average, while the 
reverse is true regarding those who fall below. 

While daywork may thus be made to oftw a.^ \xvq«bJC\n^ v» "^^^ 
workman in the matter of ultimate vrage rate «AXaMifc^i^^s\^'^^^^'^ ^"^' 
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is not automatically applied as in some of the special compensation 
systems described, and due to oversight or neglect on the part 
of the foremen and superiors, men are not in general rewarded in 
direct proportion to their skill and efforts. If this were true the 
variation of day rates in the average shop would be much greater 
between the least skilled and the most skillful. 

The advantages of daywork are rather negative in nature, con- 
sisting in the small expense and simplicity of maintaining the pa>'^ 
roll, and the supposedly higher quality of the output which is some- 
times said to eliminate inspection expense. The disadvantages are 
that the natural tendency is for the workmen to deliver only such 
daily efforts as will satisfy their immediate superiors and hold down 
the job; a general reduction in production capacity below normal 
possible capacity results, as evidenced by the fact that in setting 
piece rates daywork records are considered at 65 per cent, effi- 
ciency or even lower. And as far as figuring labor costs is con- 
cerned, daywork methods are more complicated than piecework. 
The expense of proper supervision is greater, due to the lack of 
incentive. 

Where no two pieces are alike, such as in die work, jig or template 
making, pattern work, and in repair work or other work where the 
necessary time may vary considerably, daywork payment is the only 
logical scheme to use. Any other compensation system would 
require preliminary work in figuring the probable time required 
wMch for such jobs would cost more and take longer than the time 
required to do the job. 

To get the best results from daywork, the aim should be to make 
wage adjustments on the basis of recorded performances, and this 
necessitates an accurate system for recording time. 

408. Straight piecework. This is the oldest of the "direct in- 
centive" systems. Payment is based solely on the number of 
pieces multiplied by the price per piece. Next to da3rworic it is 
the most extensively used compensation system. The rate of the 
workman rises, in a vertical line. The direct labor cost saving all 
goes to the man who makes it under straight piecework, but the firm 
gets the benefit of the increased production and the consequent 
lowering of the overhead charges per piece. Owing to this feature^ 
the difficulties are met which have given piecework a somewhat un- 
desirable name. If the rate is set too high, as is the case in the major- 
ity of plants when piecework is first installed, the employee derives 
far more benefit from it than the firm. This results in price cutting 
which has an immediate tendency to limit the workman's efforts to 
an amount of output which will not give rise to a cut. In the major- 
ity of piecework plants, therefore, there is a distinct tendency, well 
understood by aU operators, to protect their prices by nursing the 
good jobs. On the other hand, if the prices are set low to begin with, 
udr wages are only obtained by the exceptionally skilled. So that 
tile proper working of the straight piece system requires a closer and 
accurate knowledge of the proper time that should be spent 
M>I>pration than any other with the exception of "Task Work." 
■^cnce has shown that if piecework is to be a success, low 
t be raised, but that high prices cannot be lowered u^ess 
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tlie method of making the piece is changed. This is modified in 
some plants by guaranteeing all rates for a period of from i to 2 
years, which has the same effect. 

Among the disadvantages of straight piecework, aside from the 
difficulties in price setting mentioned above, is that it fails to take 
account of the varying price of labor. Thus when business is good, 
men may prefer high day wages in another shop to the harder work 
of the shop ii^ question, and when times are bad, the manufacturer 
cannot take advantage of the lower day rates offered by his com- 
petitor. Also it is possible with daywork, and premium or bonus, 
to manipulate the costs somewhat according to the rate of the man 
engaged on the work, whereas with straight piecework the price is 
fixed r^ardless of the rate and skill of the man employed. 

The advantages of piecework over all other systems is the 
simplicity of securing costs and making up pav-roU records; also 
the fact that the manufacturer knows defimtely in advance just 
what his work is going to cost for direct labor. 

Piecework can be well applied to classes of work in which the 
degree of skill does not become a large factor, where the prices are 
set properly at the start, and are guaranteed for a period.^ 

One great drawback lies in the fact that the workman is not as- 
sured of a minimum day's pay, and the difficulty of making proper 
allowances for factors beyond his control, such as hard castings, 
loose belts or other things which hinder his producing as much as 
he might otherwise do. 

404. Manchester piecework system. This is a scheme intended 
to avoid the uncertainty of a minimum day's pay which accompanies 
straight piecework, b^ the guaranteeing of a daily wage based on 
a day rate which is nxed at the time of employment. Sometimes 
these guarantees hold good only for delays and stoppages beyond the 
control of the workman, and sometimes are extended to cover all 
delays. This system is open to the other disadvantages stated for 
the straight piecework system, and also has the advantages which 
accompany it. The guaranteed rates must be made fairly Tow, how- 
ever, or it will be found that some workmen prefer to fall back upon 
them too frequently, raising their average of pay on those days 
when they have an "easy job." 

406. Taylor difFerential piecework. This is a piecework system 
devised by F. W. Taylor, and consists of two or more prices being 
set upon the same job, the maximum price being allowed when the 
piece is done within the minimum time, and the smaller price being 
given when this time is exceeded. The idea is to furnish a spur 
toward the attainment of the highest possible labor efficiency, and 
with this in view, the time limits are set so that only the most skillful 
can reach the maximum rate, thus driving thos^ who are not 
adapted for the particular class of work into other operations for 
which they are better fitted. There is a sudden advance in hourly 
rate between a job finished in the minimiun time and when this 
time is exceeded. 

This system is straight piecework with a double rate, and is open 
to the same objections as those applied to single-rate piecework, 
together with the additional complexity of a double set of prices. 
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However, since this system has almost invariably been applied in 
connection with the Taylor methods of time study by which data I 
are collected which lead to the proper rates being set, it has, when 
applied, started under more favorable conditions. Close time study 
is coming to he found a necessity in connection with any of the special 
methods of compensation^ and consequently is no longer the distin- 
guishingfeature of this one. 

406. The group method. The group system of wage parent 
was installed several years ago at the Westinghouse Electric and 
Manufacturing Co. and ^ven a thorough trial. Earnings of the 
group in comparison with individual earnings before were as follows: 

407. Methods of qperattng group system, (a) A number of 
workmen, not exceeding i3, are grouped together imder a working 
charge hand. 

{b) The charge hand sees that the tools of his group are always 
in working order, keeps his men at work and properly supplied 
with materials, sees that the quality of work is of uniform standard 
and assists in increasing the output when not otherwise engaged. 

(c) A limiting or maximum price is set on each piece of apparatus, 
the total earnings of the group being equal to tneir total day-rate 
waees for the time employed, plus one-half the difference between 
such wages and the limiting prices on the pieces completed; in ho 
case, however, are the limiting prices to be exceeded. 

(d) The earnings of each individual in the group are a proportional 
share of the total earnings, based on his hourly rate and hours 
worked. 

(e) Defective work G&bor) is not paid for, though the company 
should stand any loss of material resulting therefrom. 

(/) No individual time slips are issued, each workman's attend- 
ance being ascertained from a checkboard or the equivalent, upon 
which he must register daily before commencing work. 

(g) Individual merit is recognized from time to time by an in- 
crease in the hourly rate. 

(h) As an incentive to strive continually toward a lower cost, 
the group may be awarded an additional bonus whenever their 
earnings exceed their day-rate wages by some previously determined 
percentage. 

(j) Labor costs are approximated by proportioning the wages 
paid in any given period among the various pieces, on the basis of 
their respective limiting costs. 

406. The advantages given for this system are a reduction in 
defective work; the elimination of overrun limits, common to the 

{)remium system; the eliminadon of individual time slips and the 
abor connected with them; increased supervision without extra 
expense; cooperation between members of the group with the dim!- 
nation of soldering; simplification of count, it being necessary to 
count only the group output; simplification of inspection for the 
same reason; and an increased output. 

400. Contract work. Contract work does not seem to be as 
widely used as it was a number of years ago. The method of using 
it differs widely, ranging from a contract given to a foreman or 
individual for the completion of a machine, usually the assembling 



TIME AND COST CONTROL 296 

operations, to contracts with individuals which border on the piece- 
work system. In the former case, the individual having the con- 
tract may have a large number of men working for him. Their 
rates are set by the foreman; the company usually finances the ar- 
rangement, pa^ng the men according to this rating and charging 
whatever is paid out against the price on the job. There are many 
disadvantages apparent in such a method, chiefly the fact that the 
men do not receive uniform treatment, this depending on the nature 
and cupidity of the man having the contract. As observed in one 
^op wnere the author had opportunity to see this system extensi- 
vdy used, the subordinates were paid in many different ways by the 
different gang bosses having contracts, the most successful on the 
whole being one gang where the foreman made a practice of dividing 
his profits among the men over and above a certain amount. To 
have such a variety of compensation methods as this gives rise to ex- 
isting in any one shop is bad policy, and in connection with the growth 
of unit assembly has been a huge reason for the lessening of its 
application. 

410. Premfami or bcmuB systomfl. Da^ork takes account of 
time but not of quantity in figuring eammgs; piecework neglects 
time but calculates on quantity only, and premium or bonus takes 
iif both elements, paying a premium or bonus when a given quantity 
is completed in less than standard time, or when a larger quantitv 
than standard is completed in a given time. One feature of all 
bonus or premium plans is the guaranteeing of a minimum 
day rate. 

411. Halsey premimn plan. This is the first premium plan on 
record, being devised by F. A. Halsey in 1890. The original scheme 
consisted in giving the workmen premiums equal to one-third or 
one-fourth of their hourly rates for the time saved over past per- 
formances. This has been modified so that, as commonly used at 
present, a standard time is selected for the given operation after 
careful study of the prevailing conditions, which is known as the 
base or standard time. There is then added to this figure, which 
represents the length of time the work should be completed in 
by average skUl and industry, an extra amoimt, the sum of the 
two forming the time limit or time allowed. If the workman com- 
pletes a job in less than the time allowed, the saving is divided be- 
tween him and the firm. The proportion in which this is divided 
varies from 20 per cent, to the operator and 80 per cent, to the firm 
to an equal division to each. 

The amount which is allowed over and above the base time in 
arriving at the allowed time depends upon the conditions surround- 
ing the work; for example, when diere are good fadU ties for finishing 
the job, in a clean and comfortable shop with plenty of light, the 
allowance would be less than for the same job performed in a dark 
shop with less comfortable working conditions. Thus a similarity 
in tlie base time of two jobs does not necessarily mean that the time 
allowance will be the same for each of them. It is, however, usual 
to guarantee that time limits which have been set will not be re- 
^uced,'and also to make the same guarantee with respect to the day 
rate of the operator, on which his premium is of course based. 
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412. The disadvantages of the premimn system lie in the fact 
that while the effort per piece increases with a large output, the 
workman receives less and less for each consecutive piece per unit 
of time produced, which means that sooner or later the workman 
will find an output which gives him the maximum return for the 
amount of energy expended, which may not be, however, the 
maximum output which he would reach under another compensa- 
tion scheme. It also requires more clerical labor to maintain 
the records and reports than the piecework systems. 

418. The advantages of premium compensation are as follows: 
The operator is assured of his minimum day rate. This is par- 
ticularly effective at the start as it prevents discouragements 
through small earnings before skill is acquired. In many piece- 
rate shops, new workers are given a week or two at daywork at the 
start. Their rate, however, is of necessity set low, and the method 
is not an equable one since some acquire skill faster than others 
without, however, proving better workmen in the long run. 

Premium gives the firm a larger percentage of the total savings, 
due to the fact that under this system the more the man makes, the 
more the firm gains, whereas the gain to the firm under piece rate 
is substantially a fixed amount and the initial price is made low 
to make this as great as possible. 

If affords more protection and a better rate to the slower work- 
men. The rate of decrease of earnings under a premium system 
is not as abrupt as under piece rate. This is in favor of the average 
degree of skill, whereas piece-rate payment favors the exception- 
ally gifted. 

Due to the general impression among workmen that the piece sys- 
tem is accompanied by continuous price cutting with increased pro- 
duction, the premium system with its stationar}^ standards is not 
met with the same initial prejudice. While possibly due more to 
incorrect application of the piece system, the absence of this objec- 
tion and the feature of a guaranteed day rate make it an easier sys- 
tem to install as far as the workmen are concerned. 

In addition to the above, premium plans which allow of varying 
hourly rates give the opportunity to effect cost reductions by the 
manipulation of operators, it bemg possible where cost reductions 
are necessary to train new operators with lower hourly rates to 
do the work, without making any cuts in the allowed time or 
premium percentage. And fluctuations in the labor market are 
also automatically met by this system which avoids one of the 
principle objections of piecework schemes. 

414. Rowan premium system. This is a modification of the 
premium scheme in which time allowance is made in a similar man- 
ner to the Halsey plan, but the premium instead of being ^ured 
as a definite p>ercentage of the time saved is figured by multiplying 
the time actually taken by the ratio of the time saved to the time 
allowed. For example, suppose a job which had a time allow- 
ance of 8 hours was finished in 4 hours. The premium allowed 
would be 4 X fi or 2 hours, the wages being the day rate multi- 
plied by 6 hours instead of 4. In this case, the premium would 
be similar to that earned by an operator making the same time,* 
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and with the same time aUowed, under a 50 per cent. Halsey pre- 
mium plan. However, suppose that the allpwed time had b€«n far 
too ^reat, and the operator finished the job in 2 hours. The 
preimum would be 2 X 9i — xH hours, which would correspond 
to only 25 per cent, under Halsey plan. 

This is ihe feature of the Rowan plan, which was designed to pro- 
tect the manufacturer in cases where the time allowed was too 
great. However, since the majority of cases will certainly come 
closer to a proper time allowance than either of the two examples 
here given, and since the premium increases in percentage amount 
as the time taken approaches the time allowed (though not in 
total ampunt), the costs under this plan are really higher on the 
average than under the Halsey plan. There is also the disadvan- 
tage with this system of the somewhat complicated method of 
arriving at wages, which makes it difficult to explain to the workman 
the basis of his pay and is therefore quite likely to give rise to mis- 
understandings about the contents of the pay envelope which is 
one of the most serious sources of trouble between tne manage- 
ment and the men. 

416. Task and bonus system. This was originated by H. L. 
Gantt, and consists of a standard task, figured by time-study 
methods, and a substantial bonus allowed the workman when this 
task is equalled or excelled. The standard is set high imder the same 
principle as that of the Taylor differential piecework system, so 
that only those fitted for the particular work and consequently the 
most skillful at it will be able to earn the bonus. Those who fall 
below the standard task are paid a day rate which is usually set low 
enough so as not to hold out much inducement to those imable to 
attain the skill. The foreman under this plan is given a bonus for 
every workman who earns a bonus, and in addition another reward 
when all of his men earn bonuses. 

The advantages of this scheme, after the standard times for the 
various jobs are figured, lies in its simplicity of figuring wages, also 
in the extra inducement held out to the foremen. The disadvantage, 
if.it may be called so, lies in the amount of labor necessary to arrive 
with accuracy at the standard tasks, and unless this is accurately 
done, the results are without value. 

416. Emerson efflcienqr systenL As originally planned, a 
standard time was allowed for the job; the man completing the job 
in this time would be allowed a bonus of 20 per cent. If he took 
longer than standard time to complete the work he would still be 
paid a premium, but a diminished one, receiving none at all when 
nis "efficiency" dropped to the 80 per cent. mark. On the other 
hand, when lus "efficiency" went above 100 per cent., as evidenced 
by his finishing the job in less than the standard time, the bonus 
correspondingly increased. 

This scheme proving a little too one sided, in favor of the work- 
man, a modified scheme was adopted in which the premium is figured 
on the time taken instead of on the time allowed. This naturally 
diminishes the premium which goes to the workman, a part of the 
saving going to the firm. The 20 per cent, premium percentage 
is sriU retained for work finished in standard time. 
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The ''efficiency" of the workman, or in other words the ratio 
of the standard time to the time taken, plays an important part in 
the Emerson plan. It is not only figured on inctividual jobs, but 
ma^ be figured on all the jobs completed b^ the same man in a given 
penod, thus giving, for example, individual monthly or weekly 
efficiencies, or it may be figured for a group of individuals or for a 
whole department. 

417. A variable quantity piecewofk plan. To overcome the diffi- 
culty encountered with piecework as applied to small and variable 
lots, the author devised and used a plan in which the price was 
composed of two elements, P, representing the preparation time, 
or the time required to set i^ the machine and get things ready, 
and O, which is based on the actual time re(]^uired to do Qie work. 
The quantity P is independent of the quantity made, being done 
once and only once, whereas O is applied to each piece. Suppose, 
for instance, that 15 cents is the price allowed for setting up the 
machine, and 5 cents is the price allowed for each piece. If i piece 
only were finished, to take an extreme case, the price would be 
15 + 5 = 20 cents. If 10 pieces were finished, the price would be 

-^ — = 6h cents. If 100 pieces were finished at one set-up 

IS -f (looXs) 

^ — =5.15 cents. 

100 

Thus ikt cost of the individual piece varies with the quantity^ becom- 
ing cheaper with large numbers. If the relation between set-up 
allowance and operation allowance is correct, it is not a hardship 
upon the employee to be asked to fimsh small quantities, and on the 
other hand the price will adjust itself for large Quantifies. In 
plants where production is wdl standardized as to lot sizes there 
would be no advantages shown, but it has proved of use on small 
and variable lots, and may be of benefit to the small plant where 
these are usually found. 

418. Profit sharing. There are many different schemes of profit 
sharing, which cannot be classified as a compensation plan, since it 
is entirely additional to the general wage system. Profit sharing 
may exist in connection with any of the above plans of compensati&n. 

The most widely discussed is that of the Ford plant. A list of 
eligibles is prepared and extended and revised by an investigating 
committee comprising about 100 individuals, who look up all 
facts regarding the employee both within and without the plant 
and make their report. If it is favorable, he will receive a por- 
tion of the $10,000,000 which has been set aside as this v^u^s 
appropriation for that purpose in the form of a weekly addition to 
his pay envelope. The division is made in such manner that the 
lower-rated employees receive the greatest percentage amounts. 
The man who formerly received from 23 to 38 cents per hour is 
eligible to a share which will bring his . daily earnings up to $5. 
Those who received from 38 to 48 cents, are eligible to a portion 
which will bring their total daily pay up to $7. This plan has 
hardly been in use long enough to pass upon its results or feasi- 
bility as a continued proposition. 
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The Yale and Towne Co. at 
one time used a profit sharing 
plan in which an average cost 
per unit was determined, and 
used as a criterion of cost for 
a given period. Any savings 
made were divided on the basb 
of 50 per cent, to the company, 
40 per cent, to the workmen, 
ana 10 per cent, to the fore- 
men. This has since been 
discontinued. 

419. The Lodge and Shipley 
Co. are using a premium sys- 
tem of compensation among 
the producers, and in addition 
have a profit sharing pUn in 
force for the benefit of the 
non-productive departments. 
Fifty per cent, of the time 
saved goes to the workmen, 25 
per cent, to the foremen, and 
25 per cent, to the non-pro- 
ducers. The awards under this 
scheme are made monthly. 

It would seem that a profit 
sharing scheme which divides 
a sum annually among its em- 
ployees b not likely to be of 
any great benefit to the firm 
using it, due to the remote- 
ness of the reward. The 
average man wishes to see the 
results of his work placed be- 
fore him in dollars and cents, 
within a week or a month at 
least, and cannot look forward 
for a whole year with much 
enthusiasm. And those plants 
in which profit sharing is suc- 
cessful, or promises to be, have 
taken account of this fact and 
made more frequent divisions. 

420. Bonus to foremen. 
The effect of a bonus to fore- 
men in increasing their efforts 
toward economy, efficiency, 
and a larger output has re- 
sulted in many firms adopting 
bonus plans or other systems 
of reward for these individ- 
uals. Where a premium or 
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bonus system of wage payment is in effect this is something that 
may be easily extended to the foremen as a percentage on the pre- 
miums or bonuses earned in their departments. The Lodge and 
Shipley Co. of Cincinnati, Ohio, operate a scheme of this kind. 
The productive foremen are credited with a bonus of 5 cents per 
hour for every hour which is saved from the allowed time, and 
debited with 20 cents per hour for every job that overruns the time 
limit, the difference between the two constituting their bonus. 

In plants which have not reached the point of standardized time 
records which permit of productive efficiency being easily measured, 
the plan of distributing a bonus to foremen is a more mfficult one. 
Something must be used as a measure of department efficiency to 
arrive at a fair division between the various neads, and in addition 
it is a (question of difficult solution to determine the total amount to 
be divided. This proposition is clearly outlined in an article by 
C. B. Lord, of the Wagner Electric Co., which appeared in the 
American Machinist, vol. 41, p. 96, and which described a fore- 
man's bonus scheme which his company have operated for the last 
5 years. The following are extracts from his article: 

** There is liUU merit in any system that makes the giving of premium 
merely a gift from the mar^gement. To be effective and fair, it 
should be based on merit, and should differentiate between the good 
foremen and the poor ones. To do this, it must be based upon 
records of shop operations, and profit and loss. 

'* Whether the bonus shall be paid monthly or yearly is dependent upon 
the records kept. In concerns where it is easy to keep a perpetual 
inventory, and departmental efficiency records, it is possible, and 
probably best to pay a monthly bonus, which has in its favor the fact 
that it is not too far in the perspective to be efficient as an incentive. 

"The monthly bonus has against it the fact that it must be, 
generally speaking, an approximation, based on theoretical efficiency 
as exact figures as to the amount of profit or loss are not available 
until the yearly balance is struck. 

" While the method of arriving at the bonus should be definite, it 
should not include too many factors, but as before stated, there 
should be sufficient to distribute the bonus according to the ability 
and responsibilities of the men. 

"Whether both productive and non-productive foremen should 
participate in the bonus, is a question which each executive must 
settle for himself. Personally, I take the view that the non-pro- 
ductive foremen are entitled to bonus, but not in the same degree as 
the productive foremen. The system outlined takes care of this 
factor. The line between those who shall receive bonus, and those 
who shall not, should be well defined. There must always be a 
certain number of men who do not participate and to whom a bonus 
would not mean increased efficiency. It would merely be a gratuity, 
and would have a tendency, in my estimation, to spoil the effect of 
the earned bonus. Any system founded on equity is bound to affect 
someone adversely. The best we can do is to do the least harm to 
the fewest number. 

In inaugurating a system, instead of laying it out first and then 
ching for facts to substantiate it, it is better to take the records 
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for several years, and analyze them carefully, searching for factors 
that are most affected by business conditions, and those most 
affected by shop conditions, and the efficiency of the foremen. 

The method I worked out some 5 years ago, and which has been 
used with apparent satisfaction since, is based upon six factors, 
five of which are fixed, and one arbitrary, as follows: 

(a) The base is a percentage of total factory savings , in labor and 
material, over the estimates for the year. The revised or standing 
costs for the preceding year being the estimates for the current year, 
so that this factor determines the efficiency of the shop as a whole, 
and aU foremen, whether productive or non-productive, participate 
in this base figure. 

(6) A fercentage of departmental saxdngs divided by the number of 
foremen tn the department. This item differentiates between the 
efficiency of the factory as a whole, and the efficiency of the different 
departments, due generally to the efforts of the individual foremen. 

In arriving at the share of the foreman of any department that 
serves the entire or most of the factory, such as the punch shop, the 
average of the amount paid foremen of all departments which they 
serve is taken. 

(c) Percentage of monthly salary. This item takes care of the 
different grades of salary and executive responsibility. 

(rf) Percentage of average number of men supervised^ in round 
numbers of 25, 50, 75, and 100; departments having less than 25 are 
not considered. 

(e) Per cent, total pay-roll is less than 50 per cent, of the total pro- 
ductive output. With some firms, this might be an uncertain factor, 
but at the time this system was inaugurated, in looking over the 
yearly reports for several years back, it was shown that some years 
the total pay-roll, including ex}>ense, exceeded 50 per cent, of the 
total productive output, reckoning in labor and material only, and 
in other years it was less. This means that in outlines, material 
and labor are about even. This item would have to be varied to 
suit conditions, or eliminated. I, however, considered it important, 
and decided to call 50 per cent, a normal year, and take this as the 
fifth factor, paying $1 for each per cent, that the pay-roll is below. 
This item creates an interest in keeping the pay-roll, expense, help, 
and the like, down, and makes departments careful of spoiling or 
scrapping material. It also tends to offset item 4. 

(/) Departmental improvements. This is arbitrary and takes into 
account the mechanical efficiency of the department, including any 
improvements made during the year. As to the amount of pre- 
mium, this must depend both upon the generosity of the manage- 
ment and the character of the work done, but the main thing is 
that it be earned. I believe that the giving of a gratuitous com- 
pensation is harmful, as the foremen come to learn that they will 
get it no matter what the condition of business or their respective 
departments may be. 1 also believe that it should depend upon 
profits made. 

I submit the records of three years — 1910, 191 1 and 1913. (See 
Fig. 217). It will be noted that in the case of A. C. the lionus 
was considerably less in 191 1 than in 1910, due to losses in his 
department. 
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The letters given are not the true initials of the men concerned, 
the same initials on any sheet represent the same man. Those 
commencing with A are productive foremen; those commencing 
with B non-productive. Those with the last letter G are generid 
foremen; those commencing with / are inspectors; MM, master 
mechanics, and the letter T signifies foreman of toolroom. 

The bonuses paid the non-productive foremen are much less than 
those of the productive foremen. These are: General department, 
which includes nullwrights, sweepers and general repair men; fore- 
man of shipping department; foreman of storeroom; inspectors 
and master mechanic. They have none of the executive and me- 
chanical responsibilities of the productive foremen. 

Another way, shown on the sheet for 191 3 bonus, is to pay non- 
productive foremen and inspectors, a percentage of the average of 
the bonus paid productive foremen; in this case 75 per cent. This 
method also gives the non-productive foremen an interest in the 
bonus earned. 

Another advantage of this system is that even if the di£ferent 
factors upon which it is based are posted, it gives no clue to 
the amount of business done, nor divulges any other confidential 
information. 

421. Handling automatic machines on the premium plan. Mul- 
tiple machine operation offers considerable more difficulty in con- 
nection with special systems of compensation than cases where 
the operator runs but one machine. !^specially is this so with auto- 
matics where one man may run from one to six machines. The 
number of machines which one operator has actually in operation 
varies, not only from day to day but at different times during the 
same day. Little has been published on the subject of premium 
plans applied to automatics, possibly the clearest exposition of 
practiced handling of the matter being given in an article by C. B. 
Lord, general superintendent of the Wagner Electric Co., regarding 
the methods used in his plant for taking care of the 58 automatics 
which they operate. (A Cooperative Premium Plan, American 
Machinist, vol. 41, p. 49.) The following is a condensed review 
of this article. , 

The operation of these machines is under two distinct plans: 

(a) Where a single man operates two or more machines independ- 
ently of others. 

(b) Where a number of men operate the same group, such as a 
number of automatics, and where they are interd^endent. 

Under the first heading, it is necessary to determine the efi^ciency 
of the man with a varying number of machines. From records 
available at the Wagner plant, this resulted as follows: 



Number of machines 


Automatic 
production 


Per cent, ol i 

man each 

capacity 


Manual type 
production 


I 
2 
3 


100 
200 
28s 
360 

42s 
480 


100 
100 

95 
90 

85 
80 


100 
x8o (90 per cent.) 


A 




c 




6 
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Method of Distributing Premiiim Earned on Automatic 

Machines 

Automatic bar- 



Semi-antomatic casting 
lathe 



stock lathe 



I No. of machines ia opera- 
tioo. 

a No. of men in group in- 
cluding set-up man 

Hoar Rates 

3 Operator's rate in cents. . 

4 Set-up man's rate in cents 
Machine Time 

5 Allowance per machine 

per day in nr 

6 Machine time per day in 

hr 

7 Premium time per ma- 

chine per day in hr 

Rates and Premium per 
Machine 

8 Operator's rate i>er hr. in 

cts 

9 Premium earned per ma- 

chine in dollars. 

xo Per cent, premium i>er 
machine 

II Premium earned, per ma- 
chine amount in cents 
Group Earnings 

I a Total premium per day 
per group in dollars. . . . 

13 TOtaT premium per mo. 
(2A days) per group in 

dollars.. 

Group Earnings Day Rate 

Z4 Operators earnings per 
mo. 235 hr.-20C. stand- 
ard day rate 

IS 

i6 

17 

x8 Set-up man 235 hr. total 
earnings 

19 Total earnings per group 
at day rate 

20A. Per cent, of premium 
earned to each operator. 

2 1 A. Per cent, of premium 
earned to each set-up 

man 

Ox)erators' Earnings 

3 a Premium to each oper- 
ator, dollars 

23 Day rate earnings, opera- 
tor, dollars 

a4 Total earnings, operator, 
dollars 

2$ Percentage of premium to 
day- rate, per operator. . 
Set-up Man's EarninRS 

26. Premium to set-up man, 
dollars 

37 Day-rate earnings, set-up 
man 

a 8. Total earnings, set-up 
man 

39 Percentage of premiun 
to day-rate 



13 

5 

ao 
34 

IS 
to 

S 

20 

1. 00 
as 

2S 

3.00 
72.00 



47.00 
47.00 
47.00 
47.00 

79.90 

367 . 90 

I7H 



30 

12.60 
47.00 



12 

4 

20 
34 

IS 
10 

S 

20 

1. 00 
25 

25 

3.00 
72.00 



47.00 
47.00 
47.00 



59. 60 
26. S 

31.60 
79-90 



79.90 
230.90 
31 

37 

15.12 
47.00 



10 

4 

20 
34 

IS 
10 

S 

20 

1. 00 
25 

as 

2.50 
60.00 



47.00 
47.00 
47.00 



79.90 
220.90 
21 

36 

12.60 
47.00 



10Z.50 
11 



62.13 
32.1 

26.64 
79.90 



106.54 



59-60 
26.8 

27.20 
79 90 



107.10 



8 

4 

20 
34 

IS 

10 

5 

20 
1. 00 

25 

25 

2.00 
48.00 



47.00 
47.00 
47.00 



79.90 

220.90 

21 

37 

XO.03 
47 00 



9 
3 

20 

35 

IS 
10 

5 

20 
x.oo 

25 

2.25 
54 00 



47.00 
47.00 



57.03 
21. 3 

17.76 
79.90 



97.66 
22 



79 -20 
173.20 

27 

46 

I4S8 
47 00 



61.58 
31.00 

34- 34 
79.20 



103.54 
20 



to day-rate 37 33 34 22 30 
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The relative efficiencies here shown would of course vary with the 
nature of the work, but it may be assumed that two automatics can 
be run at looper cent, efficiency, since the operations may be timed 
to make the chucking period come at different times. It would also 
be probable that no matter what class of work was involved, in 
running six machines, one would be always shut down, making the 
efficiency 80 per cent. With some classes of work where the opera- 
tions were short, this same statement might apply when but three 
machines were operated. 

The premium rules adopted under division (a) are as follows: 
Time allowances are set on the basis of three automatic machines 
being the saihe as one non^automatic. 

One man operating one or two machines — no premium. 

One man operating three machines — 20 per cent, of total time 
saved, after full time has been charged against each machine. 

One man operating four machines — 16 per cent, of total time 
saved after full time has been charged against each machine. 

One man operating five machines — 13 per cent, of total time 
saved, after full time has been charged agamst each machine. 

One man operating six machines — 1 2 per cent, of total time saved, 
after full time has been charged against each machine. 

The above allowances contemplate machine being set up on 
daywork time. 

The difficulty experienced with this method was due to the vary- 
ing number of machines a man would operate during the day, and 
the difficulty of insuring that the time cards corresponded with the 
actual running time of the machines. (This would seem to offer 
good opportunity for the installation of electrical machine-operation 
recorders.) 

The scheme followed out under plan (b) is different, and avoids 
these disadvantages. A certain number of machines are assigned 
to a certain niunber of operators and a set-up man. The total out- 
put of the group is credited to them and the total labor charged 
against them, including that of the set-up man who shares in the 
premium. This makes it to his interest to keep the machines 
going, and even to help the operators occasionally in running the 
machines. 

The premium earned on all Potter and Johnson machines in a 
group is added together and 25 per cent, of this will be the bonus 
to be divided. This approximates closely a 50 per cent, bonus with 
single machine operation. This is divided between the set-up'man 
and the operators in proportion to their hourly rates and time 
worked. (See eroup plan.) The set-up man is regarded as the 
nominal head of each group and is given some latitude as regards 
the number of operators in the group. 

All labor on defective work is deducted from the individual 
responsible where possible, when not, it is deducted from the ^roup 
as a whole, no attempt bdng made to mark each piece distinctively. 
The hourly rate is guaranteed. The practice in the Wagner shops 
varies from 7 to 12 machines in a group, and from two operators 
and one set-up man to four operators and one-set up man. The 
following tabulation of results indicates how the plan works out. 
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422. Bonus figtsred as an average over period of time. The 
bonus system of wage pa^onent being based on the worker attaining 
a definite degree ox efficiency as compared to the standard time 
which has been set for his work, permits of the bonus being figured 
to cover the average efficiency shown during a certain period, such 
as the week or month.^ This modification is not in tne direction 
of best practice, which is toward making each individual job stand 
on its own feet, but offers a solution in the case of repair work which 
b difficult to limit strictly by a standard time. In this case the 
standard is supposed to represent the average time required; the 
high jobs during the period will offset the low ones, and give some- 
what uniform average results. Procedure of this kind might also 
apply to jobbing shop practice, where the same job is not repeated 
frequently, and where of necessity the time allowance or standards 
cannot be predicted with the accuracy with which they are made in 
the case of manufactured articles which come through at frequent 
intervals. Providing the standards are correct on the averafe, the 
stimulaiian due to a bonus method of payment may be had on thts class 
of work J and the pajrment of the bonus for the period instead of for 
each job prevents the discouragement to the worker which would 
come from standards set unduly high, or the apparently excessive 
earnings which would be shown when the standard was set too low. 

428. Premium work for apprentices. Apprentices are usually 
started in at a low rate, from 7 to 9 cents per hour, and gradually 
raised at 6 months or yearly intervals until during their last year 
the rate is 18 or 20 cents per hour. Some firms have found it good 
policy when possible, to let the more advanced apprentices have 
premium work occasionally. The effect is to get them into the habit 
of moving and thinking qmckly , and to accustom them to this method 
of compensation in which the amount is in proportion to their 
efforts. The boys are able to earn a little more than their day rate 
as a rule, and this extra money no matter whether it is spent for 
tools or for amusement, gives the boy a first impression of premium 
work which is favorable, and which he is quite likely to keep. 
' 424. Rates of pay for overtime and nightwork. The scale varies 
in different portions of the country. It is usually necessary to pay 
25 per cent, higher wages than those prevailing in the neighborhood 
to hold together a night shift. 

Ordinary overtime ranges from time and a quarter to time and a 
half. 

Holidays and Sundays usually call for double time. In some 
shops the rate of pa^ increases with the length of overtime. For 
example, to 9 p.m., time and one-quarter, 9 to 12, time and one-half; 
after 12 midmght, double time. 

426. Bxamples of wage calculations, under the different systems. 

Daywork 

romittla for wages ■■ Example: 

Hourly rate X No. of hours Rate 25 cents per hour 

Time 4 hours 
Wages - 4 X I0.25 - li 
Straight niecawork 
Formula for wages ■■ Exunple: 

Piecework price X number of pieces Piece price ■■ 25 cents 



No. 01 
Wages 



price ■> 25 cents 
{ pieces 4 
- 4 X lo.as - $x ^^ 
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Taylor dlfforentUl piecework 

Formula for wa^es 
High or low piecework price X 
number of pieces 



Example: 

Low rate "■35 cents each 

High rate « a? cents each 

Limit for high rate « i3 pieces per 

day 
Output lo pieces 

Wages 10 X lo.as » I2.50 
Output 12 pieces 

Wages ■• 12 X So. 37 » I3.34 



Group piecework 

Formula for individual wages 

Individ, rate X hours worked 

Styn of (Individ, rate X hours worked) for group 

Example: 
Group price 



I18. 



Work- 
man 


Rate, 
dollars 


Hours Product 


a 
b 
c 


0.30 
0.30 

0.32 


ao 6.00 
18 s.40 
as 5. so 




Total 16.90 


,^;~X$.8- J6.38 






.6:^x»'«- ^-'^ 






J;^X|t«- 5.6 
ToUl I18.00 







Wages to a » 
Wages to 6 aa 
Wages to e B 



Halsey premium. 

Formula for wages ■■ 

[Time taken + 2V(Time limit - time taken) X Rate 

Example: 

Time limit «- 10 hours 
Time taken >• 8 hours 
Hourly rate « as cents 
N — Premium per cent. — 33.3 
Wages - [8 + 0.333(10 - 8)1 X 0.25 
-[8 + (0.333 X 2)1 X 0.25 
- T8 + o.C 



Premium ■• 16.5 cents 



l 



660 X 0.25 - I2.165] 



Hourly rate with premium » 2^ cents 



Rowan Premium. 

Formula for wages * 



(Time taken + ( — ^~~^i H t ^ ^" ) ^ **°*® taken} X hourly rate 



Example: 

Time limit >■ 10 hours 
Time taken ■■ 8 hours 
Hourly rate •■ 25 cents 



Wages - (8 + [(^^7^) X 8 ] } X 0.25 
|8 + [/- X8]) X0.2S 



S2.40 



{8 + 1.6} X 0.25 - 9.6 X 2.5 

Premium « 40 cents 

Hourly rate with premium « 30 cents 
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Gaatt bonns system. 

Pormular • 

When work is completed within standard time. 

standard time X (hourly rate H ^ ) — wages 

When work is not completed within standard time 

Actual time X day rate •■ wages 

Bxample: 
Standard time ■■ 8 hours 
Hourly rate •■ 2S cents 
N ^ A (bonus factor) 

Actual performance 7 hours 

Wages - 8 X (25 + ^) 

- 8 X (2S + 6.2s) 

- 8 X 0.312s - I2.S0 
Bonus •■ |o.7S 

Actual i>erformance « 8Vi hours. Hourly rate •• 3S^o cents. 
Wages - 8H X 25 - I2.12H 

Bmefson effldency lyiteiiL (Original plan.) 

Formula: 
(Standard time X hourly rate) + (standard time X hourly rate X 20 per 

cent.) M wages 

Bxample: 

Standard time ■■ 8 hours 

Time taken •■ 7 hours 

Hourly rate -^ 25 cents 

Wages - (8 X 0.25) + (8 X 0.2s X 0.20) 

•- 2 + 0.40 * 2.40 
. Bonus ■■ 0.65 

Hourly rate with bonus •■ 34M0 cents 

Bmenon effldency system. (Modified plan.) 

Formula: 
(Standard time X hourly rate) + (time taken X hourly rate X ao per 

cent.) ■■ wages 
Standard time ■■ 8 hours 
Time taken •■ 7 hours 
Hourly rate •■25 cents 
Wages - (8 X 0.2s) + (7 X 0.25 X 0.20) 

-2 +0.3S - 2.3s 
' Bonus ■■ 60 cents 

Hourly rate with bonus •■ 339io cents. 

COSTS 

426. Compositioa ol costB. Material + labor + factory bur- 
den » factory cost. In which the material is that entering directly 
into the product and the labor is that performed directly upon the 
product. 

Factory cost + administrative and selling expense » total cost. 
The direct material and labor elements are the only parts of cost 
that can be definitely known, since burden is applied as an average 
over-all costs. A total cost therefore is simply a refined estimate. 

427. Uses of costs. A total cost is for the purpose of establishing 
a sdling price or of finding out how much profit has been made at 
an already established price. It does not do these things accurately, 
on account of the necessarily indefinite nature of burden as applied 
on a percentage basis. 

428. Direct labor costs are the most useful part of all costs to the 
plant manager, since through them he can see the way to cost 
reduction. Direct labor costs may be itemized to any extent de- 
sired, along the lines of degrees of timekeeping described in (322). 
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The degree of itemization which is applied to timekeeping necessar- 
ily determines or limits the degree which may be had in the costs. 

429. Material costs are more or less standard after once obtained, 
except for changes in design and fluctuations in the material market. 
Standard material costs mav be used over and over again, especially 
if the various materiab such as castings, brass and bronze castings, 
steel bars, and suppUes be grouped in the form of sub-totals, 
so that they may be corrected as a whole for changing prices. 

430. Where tbe mecewoik syvtem is used, the process of finding 
costs becomes simply a matter of picking out standards, since both 
material and labor costs are standard. With all other compensa- 
tion schemes the labor cost varies as performed. 

431. Cost of orders, A cost s}rstem often has for an object the 
attainment of the cost of orders by order number, without giving 
in detail the composition of that cost. This is particularly true 
with cost systems devised by accountants, since in this form it is 
comparatively easv to obtain a book balance of costs. Order costs 
differ with the order system involved, sometimes being the cost of 
the complete machine and often the cost of parts, according to 
whether the order sjrstem assigns individual orders to parts or not. 

The cost of order system must be supplemented with detailed per^ 
formance records for the use of the plant management in controlling 
costs. These may be the detailed successive operation time records. 
For the purpose of control these items may be left expressed in time 
instead of carrying them in dollars and cents. A complete and 
simple cost-of-order system for the medium size and small plant is 
described in (482). 

432. Control by cocaparison. The following comparisons are 
useful in helping to control costs. As to total costs: Comparison 
of costs of the same machine at successive periods. The variation 
of costs with size in a given design in which there are several sizes. 
The comparison of the unit costs per pound of machines of a similar 
type. The comparison of unit costs per dollar of sales. As to unit 
costs: Comparison of costs on the same part at successive periods. 
Variation of the costs of similar parts in different sizes of 
machines. Comparison of costs per pound of various types of 
parts. 

433. Costs and estimates by unit weights. By far the most use- 
ful all-around comparison is that based on costs per unit of weight. 
This is either the pound, in machinery manufacturing plants or the 
hundredweight or ton with the producers of cruder materials. Al- 
though the several component parts of a machine vary not a littie 
in their cost per pound, that of the machine as a whole averages up 
so that the ngures obtained are of great value. It is a universal 
rule, that with any type of machine, as the weight increases, the 
cost per pound should drop. Thus, a small tool of a given design 
weighing 10 pounds might cost $1 per pound, not unreasonably, 
whereas a tool of the same design wc^hing 1000 pounds would not 
cost over 10 cents per pound. This law is of great value in making 
comparisons. If we are comparing machines of the same type, and 
find that a heavier one costs more per pound than a lighter one, we 
may be sure that the cost of the heavier one is excessive. 
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Pic. 330. — Graphical chart of unit weight costs. 
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Fig. 231. — Perforated time record. 
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Th6 unii-weighl comparison is also applied to parts with even more 
effect. To ma^e full use of this comparison a record should be kept 
dividing the work into a number of classes and keeping track of tne 
unit-weight cost of each class, both for material and Tabor. Then 
when an estimate is required on a new part or machine it is an easy 
matter to price it accurately after the total weight is estimated. 

Fig. 230 illustrates the labor cost per pound variation with 
several different classes of parts over a vanous range of weights. 

494. Cord records and indeziiig part and operation costs. Card 
index drawers form a most convenient method of arranging and 
fiUng part costs, and operation costs. These drawers form a part 
of a cabinet which contains the complete record of results on stock 
parts. Fig. 231 shows the form of card which is used for this pur- 
pose, as described in the American. Machinist, vol. 40, p. 489. It 
is from the Cleveland Automatic Machine Co., and is perforated 
so as to divide into two 5X8 slips for filing. The upper one con- 
stitutes the cost of the individual order, the lower one is a record of 
the detailed output and the workman's efficiency. 

435. Checking the accuracy of costs. The majoritjr of plants do 
not use a balanced system of cost keeping. It is possible, however, 
to check costs by means of the purchase ledger, pay-roU and inven- 
tory, so that the average per cent, of their error may be found. This 
is effected as shown in the following cost balance report. It neces- 
sitates keeping a record of the cost of shipments per dollar of sales 
and then extending the total cost figures from this. The resulting 
percentage shows how far the cost per doUar of sales is from being 
correct. 

Cost Balance Report 

January i. 1913. to January x, 1914 

Machine Total Cost per Total 

No. ' shipments dollar cost 

4A I40.68S 65. 3 cents 126,526.62 

aB 3S.820 71-3 cents 25,439.66 

tA 52,625 64. 1 cents 33.722. 63 

6B 71.840 62.7 cents 45.043.68 

BA 30,625 73-3 cents 22,448.13 

SB 35,435 8x , 8 cents 20.805 . 83 

Total cost of machines shipped. I173.986 . 55 

Cost of repairs and parts shipped 62.835.4 1 

Total cost of shipments $236,831 . ss 

Fixed biirden for the year 58.125.47 

Total cost of shipments less fixed burden. . . 1 178.696. 49 

Pay-roll total for the year I69. 138 . 43 

Purchase ledger total for the year 10 0,980.54 

Total recorded annual expenditures 1170,118.97 

Inventory, 1914 73.4i6. 18 

Inventory, 1913 6 8.729. 35 

Excess 1914 14.686 . 83 4.686. 83 

Total expenditures corrected for inventory 

excess I165.432. 14 

Cost of shipments, less fixed burden. 1178,696.49 

Expenditures corrected for excess of inventory 1 65.432.14 

Error in costs, total 13.264. 35 

Error in coats, per cent 7 • 4 
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458. Statemmt of cost ndnctiaa. The form shown in Pig. iji 
isusefulinrecordingtheresultsof Ubor-saving devices and by which 
agageofthdr value may be hid. It consists of a comparison of the 
former cost of perfonnine the operation with the cost which results 
from using the new appliance. The difference, multiplied by tlie 
sales in a given period will show the total saving effected, after 
deducting the depredation on first cost and installation charges. 



This form may also be used as a convenient means of estimating 
the value of proposed improvements to see if it will pay to instafl 

BURDEN 
iST. Cwnpostlicnl ti bard«a. Broadly speaking, any burden 
may be said to be composed of three elements: 
(a) Labor charges. 

ib) Material charges. 
c) Depredation charges. 
The second dement in its broad sense is hdd to represent purchases 
of all kinds except labor. The third is what might be called the 
fixed division of burden. It is not subject to control and reduction 
as a rule, bdng more or less fixed in nature. 

iiariM/Mluring burden may be subdivided as follows: 

[office / Administrative 

^^torv \^^ 

""^'y \ Department 

■Ming burden is something important to know, 

1 on the dollar of producdve labor, which is 
' comparisons in the factory burden accounts, 
turer is surprised to see how much greater this 
lan that chareeable to the operating end. 
m is divided into plant and dmortmenL 
IprodudngdcTiartmentsinaplant, the burden 
>etween them. Therefore burden accounts 
such departments. The total burden might 
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remain constant, notwithstanding a rise in that of one department, 
providing it were balanced by a decrease in others. These fluctua- 
tions would not be made evident unless accounts were divided 
departmentally. 

439. Plant burden contains the items pertaining to factory ex- 
pense that cannot be charged departmentally. The comparison of 
plant burden is made on the basis of the total dollars of productive 
labor in the entire plant during a certain period of time. That 
for departmerU burden is made on the basis of the dollars of productive 
labor in the department only. 

440. How burden is applied to costs. Burden is usually applied 
to costs as a flat percentage upon the direct labor, either in hours or 
dollars.' It may be subdivided to approximate the true burden 
more nearlv, into department rate, plant rate, and so on. A still 
closer method of applying it and one that seems more logical is 
that based on a machine hour rate which takes care of the running 
cost of the machine as well as the operator's rate. 

In figuring the burden or expense rate, the total direct labor is 
divided into the total amount of the burden for the same period 
giving the percentage of burden to direct. 

441. Direct labor a fluctuating standard. While it seems neces- 
sary to apply burden upon direct labor, as a percentage, there are 
disadvantages connected with its use, due to the fact that the capac- 
ity of the direct dollar or the direct labor hour varies with the effi- 
ciency with which it is used and is therefore a poor measure for 
efficiency itself. Expense or burden rates do not therefore have any 
bearing on general efficiency. Neither are they of value for succes- 
sive comparison of the same item at successive periods, for the same 
reason. The following examples will demonstrate this fact. 

Case I. 

Time lo productive hours. 

Total expense. |io. 

Production, xoo pieces. 

Expense rate ^er productive hour, $z. 

Expense x>er piece, zo cents 
Case a. 

Time, zo productive houra. 

Total expense. $15. 

Production, 200 pieces. 

Expense rate per i>roductive hour fz.so. 

Expense per piece, 7Vi cents. 

442. The number of pieces gives a fixed unit, but cannot be used 
for comparisons involving more than one kind of piece. The dollar 
of sales IS an almost stationary unit, being changed only with change 
of selling price, and therefore make a good unit for expense compari- 
sons, since it will include all manner of articles. Other units which 
are frequently used for special comparisons are the square foot of 
manufacturing floor space, the unit of weight of the product, the 
number of individuals emploved, and the unit of time. 

448. Detailed analysis of burden. Administrative and selling. 

Administrative. 
Z. Salaries. 
a. Administrative traveling expenses. 

3. Postage, tele0-aph and telephone. 

4. Stationery and printing. (Except advertising.) 

5. Legal services. 
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6. Consulting aervices. 

7. Insurance and taxes on office bld'g. 

8. Depreciation on office bld'^. 

9. Depreciation on office equipment. 

10. Other items of administrative expense. 
Selling. 

1. Salaries. 

2. Traveling expenses. 

3. Branch office expenses. 

4. Catalogs and advertising. 

5. Postage, telegraph and telephone relating to sales. 

6. Photographic expense. 

7. Collection charges. 
General. 

I. Interest on bonded indebtedness. 

3. Corporation, local, branch and government taxes. 

3. Interest on investment. 

4. Contingent fund. 

5. Other items. 

444, Plant expense. This may be divided into general plant, and 
heat, light and power. The latter, of its nature, is divisible as a 
charge against the various departments after its total has been found. 
General plant items are such as cannot be charged against depart- 
ments, applying to the plant as a whole. The nature of the items 
constituting this will, of course, vary with the physical arrangement of 
the plant, and the nature of the output. 
General Plant. 

(a) Labor Chau^es. 

X. Drafting room. 
3. Cost department. 

3. Order department. 

4. Packers and shippers. 

5. Receiving-room employees. 

6. Painters. 

7. Watchmen and gatemen. 

8. To electrician and heli>er8. 

9. For local trucking. 

10. To stable employees. 
XX. To yard laborers. 

13. For general supervision. 

13' For general unclassified labor. 
(6) Material charges and purchases. 

I. Drafting department. 

a. Cost department. 

3. Order department. 

4. Materials used in shipping. Lumber, nails. 

5. Paints, oils, varnish, putty, filler. 

6. Electrical supplies for plant used. 

7. Hay, straw, feed and stable supplies. Veterinary. 

8. Other materials and supplies. 

*9' Fire insurance j;>remiimis on plant buildings. 
*io. Accident and liability insurance. 

11. Sanitary supplies. 

13. Plant first-aid department expenses. 
•13. Factory telephone system. 

14. Express and freight prepaid shipments, 
(c) Depreciation charges. 

*i. On drawings. 

•a. On costs and estimates. 

*3. On pattern loft and equipment. 

•4* On drafting, cost- and order-department equipment. 

*5> On lunch and wash-room equipment. 

•6. On sprinkler system. 

•7. On piping underground, sewers, etc, 

*8. On fire alarm, hose carts and coils, time clocks, 

*9* On other plant equipment. 
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446. Heat, light and power. 

(o) Labor charges. 

I. Engineers and assistants. 
a. Wages to firemen. 

3. Wages to laborers and helpers. 

4. Labor on department repairs. 
(6) Material Charges. 

1. Coal. 

2. Oils and grease., 

3. Materials used in repairs. 

4. Electrical supplies. 

*5. Boiler and flywheel insurance premiums. 
6. Other materials. 
(^) Dei>reciation charges. 
*i. On buildings. 
*2. On heating equipment. 
*3. On engines. 
*4. On boilers. 
*5. On electrical machinery. 
*6. On power wiring and lighting system. 
*7> On minor equipment. 

From the above accounts in addition to the comparison of ex- 
pense per dollar of productive labor for power, the actual cost per 
horse power can be easily computed, providing means are at hand to 
measure the output. Another useful comparison is that of the 
number of pounds of water evaporated per pound of coal. This 
gives the management a Une on the. efficiency of the boilers, and how 
well the firing is being done. All that is necessary to seciure this is 
a measure of the feed water during the comparison period, and to 
secure this there are a number of devices which make a continuous 
record of the feed water used. 

446. Departmental expense. While this varies with the nature 
of the department concerned, it is easily outlined for any dq>art- 
ment by adhering to the definition of burden expense, and to the 
three elements composing it, namely, labor charges, material charges 
and depreciation charges. As a guide to the composition of 
department burden accounts, three departments are herewith shown, 
comprising foundry, blacksmith and machine. 

447. Foundry department burden. 

(a) Labor charges. 

z. Molders and coremakers for non-productive work. 
3. Pattern transportation. 

3. Flask transportation. 

4. Casting transportation. 

5. Cupola tenders. 

6. Crane men. 

7. Foundry laborers. 

8. Casting cleaners. 
9* Sand Dlasters. 

10. Flask carpenter. ^ 

11. Foundry machinists. 

I a. Weighmaster and clerks. 

13. Supervision. 

14. Defective work. 
(6) Material charges. 

1. Molding sand. 

2. Facing, graphite, charcoal, seacoal. 

3. Small tools, rammers, shovels, riddles, brushes. 

4. Flask lumber, nails. 

5. Chaplets, rods and miscellaneous. 

6. Core sand. 
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7* Core oil. molaMes, flour. 

8. Material lots through re-melt of defectives. (Of importance 
only on the more expensive materials such as brass, aluminum^ 
(e) Depreciation charges. 
*x. On buildings. 

*2. On cupolas and melting furnaces. 
*3. On traveling cranes. 
*4. On molding machines. 
*5. On minor equipment, core ovens, blowers, racks, elevators. 

pumps, air pipe, etc. 
*6. On metal flasks. (Wooden flasks considered as adding nothing 
to the value of the plant, being a current expense, and cared 
for through fo-io) and (6-4).) 
(d) Proportion of the lignt, heat and power charges due this department. 

448. Machine depArtment In a great many plants, the tool 
room and the stock room contribute the greater part of their efforts 
toward the welfare of the machine department, and may therefore 
logically be included as a part of its burden. Other cases, where 
they serve four or five departments equally, would require a separate 
division for them. 

449. Machine department burden. 

(a) Labor charges. 

1. Machinist engaged in non-productive work. 

2. Tool makers on new tools. 

3. Tool repairs. 

4. Machine repair. 

5. Installation of new machines. 

0. Machine-shop helpers and laborers. 

7. Tool-room helpers and laborers. 

8. Stockkeeper and assistants. 

9. Truckers and wheelers. 

10. Clerks. 

11. Tool tender and tool boys. 

I a. Repairs to department, other than the machines. 

13. Defective or sx>oiled work. 

14. Supervision, 
(ft) Material charges. 

1. Belting. 

2. Lubricating oils and greases. 

3. Lard oil and cutting compound. ^ 

4. "Waste and wiping rags. 

5. Small tools, reamers, drills. 

6. Hand tools, chisels, files. 

7. Materials entering new tools. 

8. Materials used in tool repair. 

9. Materials used in machine repairs. 

10. Materials used In department repairs, other than machine 

equipment. 

11. Material loss due to sx>oiled and defective work. 

(c) Depreciation charges. 

*i. On buildings. 

*a. On overhead equipment, pulleys, line shaft, hangers. 

*3. On machines and foundations. 

*4. On traveling cranes. 

*S. On electrical equipment. 

*6. On other equipment. 

(d) Proportion of light, heat and power charges due this department. 

460. Blacksmith department burden* 

(a) Labor charges. 

1. Smiths and helpers for non-productive work. 

2. Tool dresser. 

3. Laborers. 

4. Rex>airs to the department.' 
Supervision. 
Spoiled work. 
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ih) 



(0 



Material charges. 
X. Coal and coke. 

2. Tempering and hardening compounds, lime. 

3. Small tools. 

4. Materials used in department repairs. 
Material loss on spoiled work. 



id) 



Depreciation charges. 

I. On building. 

a. On equipment, forges, blowers, furnaces, piping, tanks, anvils. 
Proportion of the light heat and power charges due this departnwnt. 

461. TTawHling burden or expense accounts. Burden may be 
divided into two parts, the variable and the fixed. Variable burden 
is that which comprises labor other than productive, and materials 
re^arly consumed in plant operation outside of the direct materials 
going into the product. The fixed burden consists of the items 
such as depreaation, interest on investment, taxes, insurance. 
These items being of their nature not usually permissible of reduc- 
tion may be dismissed from the present discussion. 

In dealing with the variable items of burden, the first step is to 
classify them carefully into accounts, so that the charges will always 
be comparative. In other words, it will not do to keep changing 
items from one account to another and expect to get results of any 
value. 

402. The main subdiviaion of the variable burden accounts is 
between material and labor. Each of these should be fiu'ther sub- 
divided into units of convenient size for comparison. In many 
plants subdivisions are further made between departments. It is 
understood that each group is summarized for a definite time period. 
An illustration of a condensed comparative burden report is shown 
below. 

Comparison of Burden Accounts 



■ 
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to 16 
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to 34 


Total production 
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3. Labor on defective 
and spoiled work 

4* Teamsters and ship- 
ing. 
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7.8 


5. t^abor in heat, light 
and power dep t 

6. Etc 


lo. Waste, oils kerosene, 
etc, 
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130.38 
140.67 


3.6 
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zi. Piles, emerv cloth, 
chisels, hand tools . . 

13. Reamers, drills and 
small tools 


13. Etc 
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463. Items of expense should be figured in groups against the 
dollar of productive pay-roll or the dollar of output value in the 



ALL NORMAL FACTORY EXPENSE CAN &C GROUPED IN PRODUCTION FACTORS 
A6 shown 5EL0W. these FI RST ALLOCATED TO DEPARTMENTS. ANDTHEH 
WITHIN THE DEPARTMENTS TO INDIVIDUAL MACHINES. 



fCARTALCfMniS 

CAPtrHoMioa 
leutioifios) 

*lftPAim MO 
MAIMTeMAHCt 

MCAVM 

aiAWMMP 

SUNNtUABOR 

SUfPLtCS 



*CAHTALCNM6£S 

MAINTINAHCE 
*-LlbOR 



^-CAMALOUJntS 

^IfeMtMSAHp 
HMM7CMMCe 
LABO/t 



-'Staf^ 



nwiR, 



•■euiLumsfCHfjne 

^-SALAJHES 



*s/iLAiftexsroRes 
HsuNomts 



y^SMAKCOfmOHBt 
OFFKAa^ALAKa 



\CAPirALCHA/ng$ 

•KcmmAMQ 

HAMTtHAHU 

kMNoesororMsnj 



lachdtparfmentli asses&edvrifh 
if& due ^nre of ecK,h factor sepantely 




IWreRYISION 
FACTOR 

"7 



*&ALAMI£S 

*Booi&MAmaac 

*SIUF€OFeeHBtAL 



OKINIZATION 
FACTOR 



DEPARTHCNTA 



Si 



(ML AHO 
SUPfUiS. 

yt-fooLOMnc.- 



%^ 



tlACMINC 

\ 



2 



NACNINC 
3 



CHAReacoL 



lECTtD INTO 



DtPARTflENT A*5HXRE 
OFTMEXBOYEFIYC 
FACrOftt 




BUILOlNdS' 
CMMMC 



wwcTtrans- 

CH&R6E 

5m*vTSI5ir 



CHARbL 



MNtZATION 




HACHINE: RATES 




hacmine tihe kcharoed tojobs or to 
idle account 



SELLir«A,e« 

CXPCNSC 



Sfg.^^ia rtoffhtdlrpa rtttMNrtaf 
focfofSk ^ffmforwjiMJnfdkMjMB 

snoimeiDovtfitritTr. nneiton 
machines are norkUn.aa bwth 
en^a bsor bedap o n f Sifu n e 
fates. Each marine ha&jOr 
course,adtfferent make-vp of 

^x1ws, accordinaio tis coBon 

each. 



IWASTCO 
BUK9EN 

out TO 

lOLL 
■MCltlNC. 



T 



U6CD 
8URDCN 

ON 

JODS 



PtRECT 
LABOR 
ON 
J05& 



rUTCRIAl 
ON 

uobs 



SHOP COST OF 
J0& 



fkftena/ 



anJob. 
Labor acfualtu used 



fbsted burden re- 

pfesenisadead 

losslneierucase. 

Jtmayormaunot 

bepreventatJe.M- on Job. 

itbamosts0ilfi- iarder.onmach'ines 

isaseparate item of cost, 

and a prorafedon used burden 

asaSuppktnentaryRate'toeachpb, 



i ffa&fed buvden disiribiftrdassupt^menlaru 
mkflmiX)ktUngfhefanaueekr6enfinshop 
1 ^ cost 

tMrr^pec/afcircumsfanc^, miffedpurden 



may 



r^pecK. 

sdmetimes be carrft 
and Lois account. 



NATtRIAL 
COST 



LADOR 
COST 



BURDEN 
COiT 

tTueshoi" 
COST or 

OO P 

SHARE or 

WASTtO 

B UPPEN 

fttf *L kPftJF 
CNTSMOr 
ICOMOFJO0 



\ aCLUN6 



W6TtD 

BuRf 



OLN 



NET 
MOriTA 



SHOP 

COST or 

l» CLASS 



^ 



bCLllNB 
EXf|NSC 



N£T 
PIOFdB 



SNOr 

COST or 

CCLAS5 



Trir 



WA&TID 



SCLLINBI 
EXRNSC 



NET 
HtOFlTC 



14-, 



I 



^ 



COSTS. SELLING EXPENSEAND 
NET-PROFIT ON THREE CLASSES 
OFARTiaES A.BkANDC. 

A*B<-' Tbfatfixtorycost 
ofaL'artKtrs nradeoodsokti 
Total fKKfedbundeit of at!\ 
arttcles PKtdeandsokt. f 
Tbtafsetllqgetpense ofattX, 
artKtes made and sold, j 

"Malnetprufito/fattarticffS^ 
mcKleandsM, 






.J 



'-ecf to Profit 



COFYRI^NT. 



i9f*.A.H.a*atioi 



Pig. 233. — Analysis of expense with production factort, by 

A. Hamilton Church. 

department concerned. A unit expense rate for each account is 
thus obtained which must be watched to prevent increase, and 
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studied to effect reduction. Tlie use of oils, waste and other mate- 
rials in this group, for example, must not be allowed to exceed so 
many cents per dollar of productive labor. 

464. Degree of itemization of burdea accounts. In considering 
just how far to carry this analysis, it will happen that a manager 
is undecided whether to lump certain items, or split them into 
further detail. As a help in making the decision a useful question 
to ask iSj "Is the amount of money involved in the item small 
enough so that I do not need to know ji^ist where it goes?" If the 
answer is "No," the item should be still further spUt. For when 
you lump two or three elements together, each calling for a conclu- 
sion, the general idea becomes obscured, just as vision is indistinct 
when we try to see two things at once. It would save time no 
doubt, in a certain sense, if we had but one bin in a stock room, so 
that we could dump into it haphazard everything which was re- 
ceived, but it would not help matters when you wanted to £nd an 
artide. The more bins that we provide to contain the various 
items of manufacturing expense, the easier it will be to pick out 
the information which will point to their control. 

Take, as an example, expense records covering the operation of 
a machine shop. The totaJ would be expressed as follows: 

Total expenses for 1913, $125,627.45. 

While this statement may mean a whole lot, especially when com- 
pared to the shipment value made during this period, it does not 
tell very much. A second step toward a broad analysis would be: 

Direct materials I35.608 . 33 

Indirect materials 10,213 . 11 

Direct labor a7>S49- 16 

Indirect labor 36,758 • aa 

Depreciation and fixed charges 15.499 • 73 

Total 1125.627. 45 

This is a step in the right direction but not far enough. To illus- 
trate the further analysis without spending too much time at it, 
let us forget direct materials and direct labor, and depreciation and 
fixed charges, and see how we can deal with indirect labor and 
materials. 
Indirect labor for year 1913, $36,758.22. 

X. Supervision $6,250. 14 

a. Clerical , 1,425 00 

3. Non-productive work of machinists 2,364.00 

4. Tool makers Z5.iai .3a 

5. Tool and shop repair 5f 161 . 84 

6. Machine installation labor 741 • 16 

7. Helpers and laborers 4, 191 • ao 

8. Stodk room and tool crib 1 1 503 • 56 

Total I36.758.a2 

Indirect materials for year 1913, $10,212.11. 

X. Belting I1.185.a0 

a. Lubricating materials 1.416. z8 

3. Cutting oils and compounds 810. 35 

4. Waste and wiping rags, etc 750. is 

5« Small tools and supplies 2.597 • 75 

6- Tool steels 1,684. 16 

7. Repair material.. . , 1,318 . 17 

8- Spoiled and defective 450.25 

Total 1x0.212. II 
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We have, as it were, put our expense items under a microscope 
of eight times the magnifying power of that used in the second stq>. 
This is not yet powerful enough, for although we can distinguish 
the various members of the body we cannot see tlieir structure. 
Let us take element No. 4 of the indirect labor account, namely, 
" Tool Makers," and put it under closer scrutiny. 

This next step should be in the direction of answering the question. 
"What did they do?" In other words, what did we get for our 
money? 

Tool makers, labor for 191 3, $15,121.32. 



t 



a) Standard tools $3,798 . 91 

P) Special tools 4.779. 87 

{c) Jigs 4.X83.39 

d) Gages 563 . ao 

e) Repairs to small tools 860. 17 

; Repairs to machine tools x.S40. 63 

) Experimental work 385. 25 



Total liS.xai . 33 

And still we have not reached a point fine enough in our analysis. 
Take item (a) for instance, standard tools. The question of what 
kind and how many were produced for the given amount is quite 
an important one, since we might find, as many shops do, that wc 
could have bought these tools at a price less than our cost. Regard- 
ing the special tools and jigs, in items (6) and (c), we are interested 
to know something about their performance after being put into 
use; whether they made sufficient savings to pay for the money that 
we invested in them. We would also Uke to know whether the 
design of these tools and jigs was such that they could be built for 
a minimum cost, considering the effect they were intended to produce. 
What we are after now are points of attack, and questions of this 
nature help us to locate these points on the map of our proposed 
expense reduction campaign. 

455. The same procedure applies to the treatment of the indirect 
materials accounts. Take item No. 4, waste and wiping rags. We 
spent $750.15 for this in 1913. Was it too much, or too little? If 
the machines are being kept dean, it is evidently not too little^ 
although the reverse is not true, that if they are not dean it is not 
evidence that the amount is not enough, for it may not be used 
properly. But granting that the machines are in good condition 
as far as cleanliness is concerned, evidendng that the total is suffi- 
cient, how are we to know if this item may be reduced? The follow- 
ing questions help to throw light on this point: 

Wnat was our average consumption in pounds per man per week? 
How does this compare with friend Jones' factory where the same 
kind of machines appear to be kept in clean condition? Are there 
restrictions as to its issue in accordance with the needs of the various 
machines, or is it given out so much per man, irrespective of 
whether he runs a screw machine or an emery wheel? Is it issued 
by the bundle, made up according to the reach and judgment of the 
stock- room boy, or is it weighed to secure uniformity? A manager 
cannot put these mental questions to himself and furnish the answers 
without obtaining convictions as to the possibilities and meaD:i 
toward expense economies. 
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SOURCES OF COST INFORMATION 

456. Sources of cost infonnatioii. The cost of castings per pound. 

When purchased. Obtained from the purchase ledger entry. A 
list of standard costs per pound kept revised and up-to-date for use 
of cost department in this respect. 

When made. Obtained as an average cost per pound by dividing 
the cost of operating during a given period including the fixed charges 
for this period by the total production of good castings during this 
period. Sometimes obtained as detailed costs by keeping separate 
time on molding and core-making on order numbers and to this add- 
ing a percentage representing other charges and also the cost of the 
melted metal in the casting. 

467. The parts that are used on a given order. Obtained either 
from the bill of material, or from the stock and stores orders when a 
complete material delivery system is in vogue. 

468. The weight of a given part Castings, Obtained from the 
pattern record card, which usually contains this information, or 
from the foundry production-report by order number. Sometimes 
where methods are not installed which cover this point the cost office 
must secure the weights through its own efforts or by special request 
to the foreman of the department concerned. 

4691 Forgings. The weight of forgings purchased is secured 
from the invoice since these are charged by the pound. On those 
made at the plant, the rough weight of the stock used is reported 
by the foreman usually upon the order for the forging. The 
finished weight is secured through the efforts of the cost office. 
Both rough and finished weights of forgings and castings are made 
a matter of record. 

460. Bar and screw stock. The weight of parts made from this 
material are obtained often by calculation, using tables of weight 
of round or hexagonal stock. The finished weight is obtained by 
actual weighing, through the efforts of the cost office. Where 
bars are charged as used against order numbers, it is a simple 
matter to divide the total weight reported by the number of 
pieces. 

461. The allowance for chips. Obtained by taking the differ- 
ence between the rough and finished weight of the part and multi- 
plying it by the market price of turnings or borings, correcting the 
amount so obtained by a percentage of lo per cent, to 20 per cent, 
for loss. 

462. The price of nuts, bolts, studs and other fittings and 
supplies. Originally obtained from the purchase ledger which is 
indexed by commodity. Generally these data are kept in the form 
of price schedules, or hardware Usts, for ready reference in the cost 
dq>artment, the discounts being given and kept up-to-date by 
notification of changes by the purchase clerk. 

463. The prices of special purchased parts, motors. Obtained 
from invoice filed according to order number, or from price memo- 
randa sent to cost department by purchase clerk upon receipt of 
goods and billing. 
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Products of a Cost Department 

464. Axialysis of manufactazing expense. A weekly or znonthly 
report dassifyiiig by accounts both material and labor items direct 
and indirect. Fixed charges omitted. The ratio of the various 
items to total productive labor or to the total value of shipments 
for the given period is often shown, as well as the corresponding 
average for the preceding period and for the preceding year. 

.466. Costs of plant orders. A weekly or monthly report com- 

Eiled by order number, showing the labor and material which has 
een expended during this period on the various plant orders. This 
takes care of extensions and repairs to buildings and equipment, 
costs of tools, jigs and fixtures. 

466. Cost of production orders. A weekly or monthly report by 
production-order number, showing the labor and material which has 
been expended during the given period on the various production 
orders. Sometimes this Is extended to include the total material 
and labor on the order if any work has preceded the period. No 
detail is given on this report which consists merely of order numbers 
and totals for material and labor to correspond. A report of this 
kind is of course possible only in connection with a complete 
**cost-of-orders" system. 

467. Department report A weekly or monthly report of the 
total direct and indirect labor in each department, number of men 
working and total hours worked, number of lates and absences, 
amount of premium or bonus earned, and sometimes the efficienc>' 
of the department as a whole. 

468. Efficiency report (individual). A weekly' or monthly 
report showing the efficiency of each productive workman as indi- 
cated by the ratio of actual time taken to standard time. This 
report is possible only where standard time allowances are made and 
of value only when these are accurate as the result of time study. 

469. Report of defects and errors. A weekly or monthly report 
showing the niunber, nature and cost of the various errors and 
defects and to what department they are to be charged. This 
report is usually arranged according to departments debited. 
Sometimes broken promised dates are considered as errors and also 
reported, although they cannot be priced as a rule unless the order 
in question is under penalty. 

470. Cost of power plant operation. A weekly or monthly report 
showing the total power consumption and total cost operation, 
cost per unit of power, and so on. Compiled from the engineer's 
daily report, see (121). 

471. Card summary of total cost A small card form containing 
no detail as to the cost of various parts, but giving totals under the 
heads of castings, forgings, purchased parts, total material, direct 
Udior, burden, total cost, weight, and cost per pound; is filed by 
SnplBi ^a>e and size of machine and may be used in addition as a ke> 
fUjiio snow the location of the detailed cost. 
^9E]>eta21ed cost Consisting of itemized and priced bills of 
'^^^il. ^ad iabor sheets covering each part. The assembling. 

ttLjlMll^g are also included. 
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473. Part costs consist of records commonly in card form on 
which successive labor costs are recorded, the average of which is 
used as the labor on the part in making the detailed cost sheet. 

474. How various items are brought into costs. PaUems are 
sometimes considered a part of direct cost, particularly in cases 
where the run of work is along special lines and the patterns cannot 
be depended upon to be of service more than once. Where they are 
used manv times, patterns are carried as part of the burden. Some- 
times both schemes are in effect in the same plant to cover different 
classes of work. There is no confusion entailed as long as the same 
item is not charged in two places. 

1. Individual Pattbrn Costs: 

MaUrials. Pattern lumber: Reported In board feet by the pattern 
foreman, usually upon the pattern order. Castings: Reported by the pat- 
tern foreman as above, giving weights, or obtained from the foundry produc* 
tion report by order number. Miscellaneous: screws, nails, brads, glue, 
dowells, shellac, pattern letters. Figured as a percentage in connection with 
the department burden.^ Sometimes applied to the pattern cost on the 
basis of so much board foot, determined by experience. 

1 Where individual pattern costs are obtained, a pattern department 
burden b figured and added to them. Where patterns are figured as an 
item of expense the whole exx>enditare8 for this^ department form part of the 
general burden. This gives rise to confusion in cases where both methods 
are in use at the same time. In cases of this kind the department burden 
should be figured and added as a percentage to the individual pattern costs 
called for, but the amount of the burden so added should be deducted from the 
general burden as otherwise it will be charged twice. 

Labor, Pattern makers: Rei>orted on time cards charged to order number 
or against pattern number where the order system is not used. Supervision 
and general hdp : Charged directly into the department burden from the 
pay-roll distribution, or from the standing order reports. Fixed charges, 
depreciation: Apportioned to the department and added to the depart- 
ment burden. 

2. Pattbsns Figurbd as an Item of Expense: 

Mat€rials, All materials used charged directly into the general burden 
account. Sometimes itemized as new patterns, repairs and changes. 
Amounts and kinds used obtained from record of purchases most conveniently, 
but sometimes reported in daily or weekly material consumption reports, 
as used. 

Labor, All labor charged directly into the general burden account. No 
time cards necessarv for cost purposes except as to new patterns, repairs 
and changes. All labor often charged directly into general burden account 
from the pay-roll distribution. 

Fixed charges, depreciation, etc., charged directly into the same ac- 
count as above. 

475. Tod costs. Tools, like patterns, are sometimes charged as 
part of the individual costs in which case they are considered as 
direct. As a rule, they are treated as part of the general burden. 
New tools and jigs are treated as if they were purchased equipment 
and depreciation is allowed on their cost price varying from 20 to 
xoo per cent. Tool repairs and small tool manufacture or purchase 
are considered as current expense and enter directly into the burden 
in their total form. So also does the tool steel which is used for 
cutting. While an itemized cost of new tools is desirable for pur- 
pose of control it is not necessary for accounting purposes. If 
material and labor on new tools are kept in separate accounts, the 
department burden can be applied as a percentage of the total, and 
depreciation figured as a flat rate on the resulting figures. As in 
the case of patterns care must be taken that items are not charged 
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twice, the subject of a burden upon burden being rather complicated. 
The following analysis of general burden due to tool department 
may make this clear: 

General burden due to tool department, (a) A percentage (deter- 
mined by depreciation) of the cost of tools, jig and fixtures fall- 
ing in the class of "extensions," this cost being composed of direct 
labor, direct material and a percentage burden representing indirect 
labor and materials and department fixed charges-: 

Plus: (h) All tool-room charges, both direct and indirect, and 
including fixed charges. 

Minus: (c) The cost (including dq>artment burden) of the " Ex- 
tensions." (The distinction between (a) and (c) should be noted. 
The former is a percentage of the latter and therefore amounts to 
less.) 

Tool Department 

Materials used in extension. Sometimes reported upon the tool produc- 
tion orders where individual tool costs are kept. Where these are not kept, 
the materials used in new tools may form a standing order and be reported 
under this niunber as regards castings, parts from store, and purchases. 

Other materials used in tool room are reported either as purchased, from 
purchase records; as requisitioned from stores, hy means of stores orders; 
as consumed; where the tool department is provided with sub-stores and 
materials are issued on tickets. 

Labor on tool extensions. Reported on daily or order time cards charged 
to the given production order number, or where this system is not used, to 
the tool or jig number. Where individual costs are not kept, the labor on 
extensions in this department may be charaed from a standing order number. 

Other labor in the tool department. Labors on repairs, on small tools of 
regular consumption, helpers, tool crib tenders, tool boys, are charged directly 
into tool expense and form an item of factory expense. 

Fixed charges and depreciations. The items of this nature relating to 
this department are charged directljr into factory burden, after being cor- 
rected for that portion of them entering into extension costs. 

476. Shipping, bozinc and cratlnjK. Where individual costs are required 
in connection with the general handling of this subject as a burden item, the 
same complications are offered as under pattern and tool handling. To 
avoid this, all of the expenses arising from shipping and crating are considered 
as a part of factory burden. Any charges made to customers for this service 
may then be considered as additions to profit. 

^ Materials: Labor, If collected on individual orders shipped, for purposes 
of cost control, the shipping bill may be utilized to collect this information 
and transmitted to the cost department. Otherwise, total labor is derived 
from standing order numbers upon the pay-roll distribution. This may be 
divided into as many headings as required, such as domestic and export 
shipping, or according to a class of machines. In this case materials are 
usually charged directly into burden as purchased. 

Fixed charges, and depreciation form a part of general factory burden. 

477. Heat, Ug^t and power. These items form a part of the gen- 
eral factory burden, but are distributed differently in different 
plants. Where the power consumption in the various departments 
IS uniform, it mav be applied direcUy to the general burden account 
and thus applied on direct labor as a percentage. Where there is 
considerable variation in the relative consumption between d^art- 
ments, per employee, the total cost of heat, light and power may 
be apportionecl between departments in proportion to the average 
power consumption of each compared with the total, and carried 
as .a ]part of the departmental burden. 

Coal is the most expensive commodity used in this connet:- 

power plants measure the coal used, reporting it as con- 

r« since the great bulk of coal prevents much excess storage 
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capacity in the average plant, not much error is caused by charging it oflf as 
purchased. 

Other supplies, oils, grease, etc. Reported either as imrchased from pur- 
chased records, as requisitioned into the power plant from stores, or as 
consumed. 

Labor. Reported either on daily time cards or taken from pay-roll dis- 
tribution or standing order reports. 

Depreciation forms a part of the total cost, however divided. 

478. Figuring- costs over a period of time. An accurate method 
of figuring labor costs in the case of departments producing the same 
work over long periods, is to divide ttie labor for a peripd of several 
months or more by the output during the same time. This process 
may be made continuous, since there is hardly any labor involved. 

479. Fixed chaiges. Certain elements of burden cannot be 
directly charged into the expense of manufacturing in a given year 
and so are distributed over the number of years which are figured 
to be the probable life or useful life of the purchase or expenditure. 
Such items include land, buildings, equipment, extensions to build- 
ings and equipment, and the like. Among the fixed charges are 
also commonly included insurance premiums, interest on bonded 
indebtedness, sinking fund, although unlike the former items these 
can be definitely defined for each year. In fact the term — fixed 
charge — ^is made to include almost all inevitable and generally con- 
stant items of expense as distinguished from supplies, which also 
form a portion of burden, but which are capable of control and 
fluctuate more oc less. 

480. Relatiofi of standing orders to costs. The iron-dad rule in 
connection with many cost systems is '' no work done without an 
order, and no order without a number." All labor is charged 
against order numbers as is also all material, both direct and indi- 
rect. The compilation of costs as well as that of classified burden 
accounts is therefore a process of obtaining the costs of orders. As 
a compromise to save clerical work in entering orders to cover the 
labor of those who do the same work day after day, as shop sweep- 
ers, yard men, inspectors, standing orders are issued to cover these 
actions and each is provided with a number known as the '' Standing 
Order Number." All work done of this kind is reported on the 
standing order number concerned and is distributed on the pay-roll 
and material ledger in the same manner. 

48L A balanced cost system for the small plant In a paper 
presented before the National Association of Machine Tool Builders, 
B. A. Franklin describes a simple system of obtaining balanced costs ^ 
in a factory employing 150 men. The clerical force taking care of it 
comprises the bookkeeper and his assistant who do this work in 
addition to their regular duties. Where detailed or operation costs 
are not thought necessary, a system of this kind should give satis- 
faction and may be applied in much smaller plants than the one 
described. 

482. A proved cost This system was built on certain definite 
principles: The first was that to get the cost of machines, the 
practical way was to get the cost of the whole and all machines and 
develop the part or detail cost as desired or necessary; not to get all 
the detail costs and throw them together to get the whole cost. 
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The second principle adopted was that the costs should be ob* 
tained in such a manner as to be provable as correct. This involves 
getting the cost of everything done in the factory. 

Divisions of cost. The costs are gathered along four main divi- 
sions: 

(a) Material. That which becomes a part of the finished 
machine. All other material is classed as expense. 

(6) Productive labor. That part of the pay-roll which pays for 
work actually spent in shaping the machine to its finished condition. 

(c) Factory expense. That money leaving no permanent asset 
in advancing the career of productive labor in shaping material into 
the finished product. 

(d) Selling expense. All money spent in disposing of the produc- 
tion to buyers, reducing the gross sale price to a net income to the 
factory. This expense is shown in a per cent, rdation to gross sales. 

At the start all moneys spent were divided into classes just as 
costs were to be divided, namely, material, productive labor, factory 
expense and selling. 

We therefore introduced a form of journal called the voucher 
register. 

Fig. 234 illustrates this, and the entries made tdl their own sto^>^ 
Every cent expended in the business for any purpose whatsoever 
goes through this book, so that we know that nothing is missing. 
The miscellaneous column at the far right is for certain money spent 
which cannot be considered as immediately chargeable into the 
four elements named, such as permanent assets, additions to the 
plant, machinery, and the like, or exchange accounts, as note pay- 
ments, and so on. 

The pay-roll is divided into productive and non-productive labor, 
and the non-productive labor is put under the head of factory- 
expense. 

After the productive labor comes expense. All items whatsoever 
of expense are placed in this column; and in the final column, called 
account, is placed the name of the expense. Once a month, as will 
be seen, the footing of these columns prove with the total of money 
spent, and one posting a month gives all the information it is de- 
signed to gather on these points. 

Once a month this expense is analyzed and shown on Fig. 235, 
expense analysis. 

In the matter of non-productive labor, every labor item that could 
not be fairly and justly distributed against an order number was 
called non-productive, and put into expense, and thus equally 
divided over aU orders. This non-productive labor was shown in 
considerable subdivision. 

It will be noted that there are for each month two columns in the 
expense analysis. One column represents the actual expenditure; 
the other represents the amount chargeable to the particular month. 
For example, taxes and insurance are paid generally once a year; 
to get a fair monthly per cent., they are pro-rated one-twelth to 
each month in the year. Supplies may be bought in such quantity 
as will last several months. When they are reported as used, the 
used amount can be set down as a charge against the month in which 



TIME AND COST CONTROL 



329 



o 
u 
u 

< 






asnadxg 






-a 
•c 

a 



So 

CO « 



Sis 

no— 






P c ^ 

H4 « OB 



0^ a 



o 












•ON 



33IOAUI 









<d 



Z CI 



8 



8 



S 



^ 






l« 



» 



? 








00 

• 


« 








P 


M 








9 


s 








* 






8 




§ 






l/> 




8 






« 




lO 




ft 




■ • 


? 




H 






1 



8 



8 



8 



1 



^ 






8^888 



•O ' 



II I ll«» 



« M 



M 

r- 



M M 



W> 



O >^ >-■ M HI 
M M M M M 

lO t/) lO to v> 



M 09 

— ■♦J «9 ♦» 3 

§323^ -^« 



M »4 



r3 or" 



.3 



O 
> 



4 

CO 
n 

O 






o 



PQ 



o o • o 
OCJCJOO 

« >»^ a 
i5cog.£'§ 












8Mn fo •* «o\e i^qo » ♦* o 2 






00 



*ri 



o o o o o 
•^^.-^■^.■> 
00 00 00 9 9 
r) M iM (M ^ 

■^ •♦ ■»! ■* f 



o 
H 



330 



MACHINE SHOP MANAGEMENT 



Items 


Inventory 
expense 
supplies 


January, 1907 


February, 1907 


1 
Etc. 


Actual Used 


Actual 


Used 


GENERAL EXPENSE 
Office 

Executive 

Cost and Bookkeeping 

Other Clerical 

Stationery 

Postage 

Telephone 

Telegraph 

Sundries 












- 


Total 














Drafting Room 
Draftsmen 
Supplies 














Total 














Factory 
Executive 
Clerical 
Storeroom 
Cleaning Up 
General Labor 
Inward Cartage and 

Freight 
Inward Express 


* 












Total 














Shipping 
Labor 
Lumber 
Supplies 














Total 














Tool Room 
Files 
Drills 

Hack Saws 
Emery Wheels 
Taps 
Cutters 
Reamers 
Tool Steel 

Labor Sharpening Tools 
Labor Making Tools 














Total 














Supplies 

oSs 

Electric Lamps 

Sundry Supplies 














Total 














Grand Total General Ex- 
pense 






4000.00 




3444 00 




Monthly Productive Labor 






8000 . 00 
50% 




8200.00 




% Expense to Productive 
Labor 








43% 




Average % Expense to Pro- 
ductive Labor 










4S.8% 




Amount to Department i 
Amount to Department 2 
Amount to Department 3 


In propo 

to produ 

labor 


rtion 
ctive 


2000 . 00 
1000.00 
1000 . 00 




2500.00 
X 350. 00 
1250.00 
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Tfttma 


Inventory January. 1907 


February, 1907 


Etc. 


supplies 


Actual 


Used 


Actual 


Used 


POWER 
Labor 
Coal 
Water 
OUs 
Sundry Supplies 












h 


Total Power Cost 






300 . 00 




325-00 




Share to Department z 
Share to Department 2 
Share to Department 3 


Divided 
portion t 


in pro- 
use 


50.00 
150.00 
100.00 




54-16 
i6a.5o 
X08.34 




Depreciation 

Taxes 

Insurance 














Total 














Share to Department i Div 
Share to Department 2 tion 
Share to Department 3 ves 


ided in p 
to value 
tment in d 
ment 


ropor- 
of in- 
epart- 


300 . 00 
400.00 
300.00 




300.00 
400.00 
300.00 





Pig. 235. — Expense Analysis. 

thc^ are used. A little thought will show that this method permits 
a dollars and cents perpetual inventory if the amount on hand at the 
beginning is set down. 

Productive labor. The pay-roll by means of Fig. 236 forms a means 
of gathering and providing the productive-labor costs. 

This method may seem complicated where there are many orders. 
In this plant, where there was an average of 100 different orders 
per week in each department, it proved simple and economical. 

Material used. A record of the use of material is obtained by 
means of Fig. 237. This material is gathered through storeroom 
and foreman's reports. 

This offers us a ready means to check the use of material, since 
beginning with an inventory of raw material and adding constantly 
the purchases and deducting the use, we have a figure showing what 
material should be on hand. An actual inventory shows the degree 
of accuracy and error. 

Fig. 238 shows how all this information is gathered together into 
the final accounts, which are cast up each month, giving the true 
situation. It may be well to note that these accounts show the 
complete situation. 

(a) The quick assets: Cash on hand and accounts receivable. 

(b) The value of raw material on hand. These figures give the 
proof of the whole cost system. We know the expense is accurate 
because we g.et it through the bookkeeping. We know the labor is 
accurate because we prove it with the pay-roll. In the material cost 
we depend for accuracy upon the correctness of storeroom reports, 
and foremen's reports where the material is not kept in the store- 
room. But by deducting the monthly report of material used, we 
arrive at these accounts showing material we should have on hand, 
and an' occasional inventory shows how accurate the reports are. 
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(c) The monthly projU on each line of machinery. 

{d) The cost of orders in process by the lines of machinery. 

(e) The foundry profit or lose. In this concern the foundry is 
operated as a separate plant, selling its product to the machine 
business at a slight advance over cost. 

(/) The liabilities. So the situation is shown completdy every 
month, just as if stock were taken; and the only chance for error 
lies in the material-on-hand accounts, which are checked occasion- 
ally by actual inventory. 



Dr. 



Cr. 



QUICK ASSETS 

Cash 

Petty Cash 

Bills Receivable 

Accounts Receivable 
MATERIAL ON HAND 

Sundry Stock 

Brass Castings 

Lumber 

Iron and Steel 

Iron Castings 
PERMANENT INVESTMENT 

Real Estate 

Machinery 
COST UNFINISHED CONTRACTS 

Class "A" 

Class "B" 

Classic" 

aa8s"D" 

Class "E" 

Class "P" 
GENERAL PROFIT AND LOSS 

General Expense Undivided 

Interest ana Discount 

Income on Investments 

Class "A" 

Class "B" 

Classic* 

Class "D" 

Class "E" 

Class "F" 

Profit and Loss 
FOUNDRY PROFIT AND LOSS 

Sales • 

Metal 

Productive Labor 

Expense Used 

Expense Undivided 
LIABILITIES 

Capital Stock 

Surplus 
OUICK LIABILITIES 
Accounts Payable 
Bills Payable 



Fig. 338. — Monthly Statement. 
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. DUTIES OF A TRAFFIC MANAGER 

488. Duties of a traffic manager. The duties of a traffic manager 
are, commonly, to take charge of all movements of freight, express, 
mail and parcel post, both incoming and outgoing. This necessi- 
tates an intimate knowledge of the various freight tariffs, and of 
the regulations of the Interstate Commerce Commission affecting 
traffic: 

To obtain and quote the best and cheapest freight rates to cus- 
tomers. 

To issue instructions as to the loading and routing of shipments 
to secure these rates. 

To endeavor to secure the establishment of rates which will place 
his firm in as favorable a position as possible with regard to the move- 
ment of their goods. 

To expedite incoming as well as outgoing shipments by means of 
tracing. 

To present and follow up claims for loss and damage or over- 
charge, as occasion may arise. 

484. Freight claims. Claims may arise through either loss or 
damagey or overcharge. In any case, the following papers should be 
presented to the claim agent of the road concerned, or other official 
designated to take care of such cases. 

X. The original bill-of -lading, or a certified copy. 

2. The original invoice, or a certified copy. 

3. The claimant's invoice for the amount of damage. 

4. Any necessary explanation or documents bearing on the case. 

The prosecution of claims is an important item with any concern 

engaged in manufacturing and shipping. Large industries have a 

man employed for this purpose alone, and secure enough returns on 

his efforts as a rule to weU repay them for the expense incurred. 

SmaU plants cannot afford a special emplo3ree for tlus purpose, but 

neither can they afford to overtook the return which may be seciured 

from the proper presentation of claims, and should make provision 

to see that all claims which are just should be presented, however 

small they may be. The total amount of small claims extending 

over a period of several months often becomes a surprising item. 
4S8. Analysis of rail shipments. 

Passenger service. Including express shipment; 
carload and less-carload; local and through. 

Fast freighL Known in railroad language as "Red 
Ball" trains. Do not carry lc>cal freight except 
for transfer at a division point. Carload and 
less-carload. 

Local freights. Usually running between division 
points and delivering freight at all scheduled sta- 
tions. Further classified as: 



Scheduled trains. 
Running at regular 
periods and using a 
repeated train num- 
ber symbol. 



Extra trains. Run 
under no definite 
schedule, and usu- 
ally have the lo- 
comotive number 
for a train number. 



Regular. Leaving daily at a definite time. 

Extra. Leaving daily when a train can be made up. 

Carry carload shipments both local and througn. 
Extra trains carry less-carload shipments only when 
it is impossible to run them on scheduled trains. 



QQT 
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CAUSES OF DELAY IN SHIPMENT 

486. Causes of delays of shipmeats in transit Among the com- 
mon causes for delay in freight shipments are the following. The 
first two are due to the shipper and means should be installed to 
prevent their occurrence wluch is due to carelessness or poor man- 
agement 

(a) In less than carload shipments, tags are often mutilated or 
destroyed, or the address becomes illegible due to the tag getting 
wet. These difficidties are met by using heavy linen tags, water- 
proof ink for addressing, insisting on legible writing, or installing 
tag-addressing machines which prmt the address of the consignee on 
as many tags as are reqiured. 

(b) Incorrect addressing of less than carload shipment tags, due 
to careless reading of the snipping bUl, or to instances in which there 
are two stations of the same name in the state and the county is not 
shown. The remedy for these troubles is to print or write the tags 
in the main office and attach to the shipping bill. 

(c) Not enough tonnage at junction points to make up a train for 
the particular class of freight involved. This is due to the fact 
that railroads insist upon their locomotives keeping up to a stand- 
ard tonnage capacity haul. 

(d) Too much tonnage in trains passing the junction point to 
pick up all cars standing at that point. 

(e) Loss of credentials, such as way-bill, manifest, clearance 
papers, which are delayed in the mail or sometimes lost, and with, 
out which the car is not allowed to move. 

(f) Delays caused by cars being set aside for weighing. 

(g) Lack of room at team track at destination of the car, espe- 
ciallv when there is an excess of perishable freight. 

(n) Delays caused by custom inspection. 

While but two of the above are preventable by the efforts of the 
shipper, a knowledge of those causes of delay for which the trans- 
portation companies are responsible is essential in order to trace 
shipments intelligently. 

487. Essential railroad records used in tracing freight ship- 
ments. 

Carload Records and Reports 

At shippint poinL Car record: Kept by local freight agent, showing 
car number and initial (continuous record). 

Copy of way-bill: Issued by local freight agent, containing point of origin, 
point of destination, date of shipment, complete route, name of shipper or 
connecting line reference, consignee's name and address, itemised list of the 
commodity, weight, rate and revenue. 

Abstract of freight forwarded: Kept by local freight agent, showing car 
number, initial, consignee, commodity, weight and revenue (daily). 

At receiving point. Abstract of freight received: Kept by local freight 
agent, showing car number, initial, consignee, commodity, weight and 
revenue (daily). 

Original way bill for goods shipped, which is kept at local office until end 
of month and then forwarded to auditor of freight accounts. This shows how 
the shipment was handled at every junction point. 

Freight bill: Issued from way-bill giving all information shown in way- 
bill except handling of shipment in route. Piled by "Pro" number, two 
copies being retained by local freight agent. 

Passing records: Shipments received on through way-bills. Made by 
freight agent at junction points lowing, in book record form, date receive^^ 
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date of way-bfll, number of way-bill, point of origin and destination, name of 
shipper and consignee, commodity, weight, rate and revenue (daily record). 

Fassing reports: Sent daily to division freight agent, showing car numbers 
and initials and train forwarding of all cars passing junction points. 

Conductor's records: Conductor reports, for every train handled, car num^ 
hers and initials, commodity, consignee and destination. One copy to general 
car accountant, one to division superintendent, and other copies as required 
by the road. 

Yard report: Made by yard clerk where cars are transferred from one 
train to another, in all trains passing through a yard at the end of a division. 
Kept in yard office. 

Less-carload Records and Reports 

Same records made with less-carload as with carload and, in addition, the 
freight agent at both points of origin and destination, as well as junction 
point where car is transferred, miuce daily report of goods on hand in the 
freight house, showing nature of shipment and how marked. These reports 
filed in freight house. 

TRACING METHODS 

488. Methods of tracing rail shipments. The old method of 
tracing, which is still largdy used, was by means of return postal, 
cards. This has largely been replaced by wire tracers, the tele- 
graph being the most commonly used. The telephone is the fastest 
possible means of tracing, cars being located in a few hours that 
would take days to trace by other means, and is exclusively used by 
progressive shippers for all reasonable distances. Some shippers 
who are unfamiliar with tracing methods handle this work through 
the commercial agent of the road. He in turn hands it over to the 
freight claim agent of the road involved and the service obtained in 
this manner is slow. Many large concerns have found it to 
advantage to employ persons who act as tracers, especially at termi- 
nal points and who are acquainted with the various freight agents 
and individuals handling terminal cars. Their duty is to locate the 
cars and hurry them to destination for unloading. Their services 
are particularly valuable when material shortages are holding up 
work on large contracts, or are handicapping operations within the 
plant. 

489. General procedure in tracing, (a) Get car number and 
initial. 

Obtained from local freight agent at point of origin of shipment. 

(b) Get train number and destination, also division points. 

Obtained from the division superintendent's office at point of origin of 
shipment. 

(c) Find if car has arrived at final destination. 

By wiring to freight agent at destination point, giving him car number and 
initial, also train number. 

(d) Trace at various division points, starting with last one. 

By wiring to freight agent at that point giving the same information as 
above. 

(e) Having located car between two division points, take up with 
superintendent of first division point beyond that at which trace of 
the shipment was had. If not effective of results within a reason- 
able period, take up with traffic manager. 

490. Fast freight, less-carload tracing. Take up with local freight 
a^ent, referring to date of shipment and consignee. Duplicate 
biUs-of-lading are filed by date in all freight offices. The freight 
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agent then refers to the way-bill to find routing, car number and 
initial and number and date of way-bill. The one tracing the ship- 
ment then should communicate with freight agent at destination 
point for advice as to date of delivery to consignee. In many cases, 
carting companies making mixed deliveries hold material in their 
barns. If the shipment has not been delivered to destination, the 
same procedure is then followed as for fast freight carload tracing, 
up to the point of locating it at the junction point shown in the 
way-bill. The "Passing Record" which is kept at junction points 
makes the matter easy when the car number and initial and train 
numbers are known. This method applies to through as wcJl as 
local shipments, less than carload. 

491. Ttadng shipments that travel via both fast freis^t and local 
less than carload. Every car is provided with a card showing its 
destination. A record of this is kept by the local freight agent at 
the point of origin of the shipment. When shipments are made to 

Soints other than that to which the car is carded, the matter should 
e taken up with the local freight agent of the station which is desig- 
nated as the carded destination. He will be able to advise car 
number and carding of the car into which the shipment was reloaded. 
And so on to point of final destination of shipment. 
. 492. Tracing carload local shipments. This should invariably 
be handled exclusively through the division general superintendent. 

493. Tracing local less than carload shipments. First, find out 
from local freight agent at destination whether the shipment has 
arrived. Then, having the car number and initial, ascertain from 
the division superintendent the train number and destination. 
Consult a railroad map for points between origin and destination 
which have connecting or branch lines. A form letter should be 
sent to each of these stations for information as to the handling of 
the shipment, which may have been placed off at any one of them 
in error. This procedure should be followed in tracing any ship- 
ment which is shipped for delivery via a local freight train. 

494. Tracing local sh^ments destined to prepay stations ndiere 
there are no agents. Tracing should be done as above, and form 
letters sent to the agents at the nearest points to the destination for 
advice as to delivery. This should also be taken up with the 
division superintendent, which insures that the train master follows 
the same procedure and renders the tracing more positive. 

496. Loss of less than carload shipments. If unable to locate 
them through tracing, take up with freight claim agent as he keeps 
a record of every article foimd unaccounted for on his road. 
special Tracing Procedure for Various Classes of Shipments 

496. Express shipments. Follow the general procedure outlined, 
except that information as to car and train number is obtained from 
local express agents instead of from freight agents or superintend- 
ent's office. In addition to this, in small towns with no wagon 
delivery, or where express packages become mislaid or sent to 
wrong stations, it is well to notify the general ofl&ces of the express 
company, since after 30 days it is customary for the local offices to 
return there all unclaimed or undelivered express parcds. 

97. Carload express shipments, being accompanied by an indi- 
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vidual acting as messenger, seldom require tracing, as it is his duty 
to see that the car goes through without delay. 

496. Fast freight carioad tracing. Follow the general tracing 
procedure. If not effective, wire to general freight agent of the 
road concerned, giving him the record of the train and car with 
date of shipment, shipper's name, name of consignee, destination 
of shipment. This course may be continued, when necessary, 
through the traffic manager up to the president. 

499. Tracing shipments made over two or more roads. There 
may be a terminal belt line which handles the car from one road 
to the other and which is not shown in any printed schedule. In- 
quiries should be made to the superintendent of the delivering road 
as to this. The case is then put to the traffic manager of the belt 
line concerned, giving car number and initial, and date of delivery 
to his road. 

600. Tracing materials sh^iped from points of unknown origin. 
Conmiodities such as lumber which is bought from commission 
dealers or brokers is often shipped from points unknown to the con- 
signee. The procedure in this case is as follows: 

Get car number and initial from the broker, who always has this 
information. Then communicate with the car accountant of the 
road owning the car in question. He will be able to tell within 
2 or 3 days what road has the car, from which point the tracing 
may be carried out under regular methods. 

601. Tracing Imnber and other materials which have storage in 
transit privileges. Material of this sort being usually purchased 
through a broker, the same procedure as above is 'followed up to the 
point where the material in question was stored in transit. In- 
formation must* then be had irom the storing company as to the 
car number and disposition of the reshipment, after which the 
regular procedure is continued. If this is not effective, the case 
should be taken up with the general car accountant of the road over 
which the car was reshlpped. 

502. Tracing shipments sent on an ertra train. The same 
procedure is followed in this case as for fast freight shipments, both 
for carload and less than carload. 

608. Terminal tracing. Local freight agent of the terminal of 
first road should be requested to advise if such shipment is "over" 
in his freight house. If not, he will advise the dehvery to connect- 
ing line, and state whether delivery was made by team, intermediate 
belt line, or direct. If transfer has been made to another road, the 
local freight agent at the terminal of the first road should advise the 
car number and routing, and upon request will give the name of the 
intermediate road used. The matter should then be taken up with 
the freight agent of the road which is to receive the freight, the 
freight house ascertained which does the actual transferring, and 
communication sent them. If delivery is by team, an agent of the 
first road should have a receipt for delivery of the material to the 
second road, providing this has taken place. In all cases where 
shipments are lost 30 dajrs or more, a report should be filed with the 
claim agent so as to be within the 4 months limit provided in the 
tariffs. 
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It should be remembered that the train symbols are changed at 
jimction points, whereas the car number and initial remain the 
same. 

604. Operating and erecting instructions sent with sh^unents. 
These are likely to be overlooked unless fastened directly to a part 
of the machine. They should be fastened with wire, and to prevent 
them becoming bluned with grease and unreadable, it is well to 
have them printed on grease-proof paper. Instructions which are 
intended to be given the operator ot tne machine are more likely 
to be preserved and used if they are mounted on cardboard and 
varnished and provided with a hole by which they mav be hun^ up. 
Some firms make a practice of sending out two sets of instructions, 
one with the shipment, and the other bv mail with the invoice, 
especially where trouble is likely to result if instructions are not 
followed. This practice makes it impossible for the purchaser of 
the machine to say that he received no instructions. Instructions 
should not be too difiFuse or complicated or they will not be read. 
It is better to state plainly the most essential things that should 
or should not be done, and leave the rest to common sense, than 
to go into details that will be passed over as '*red tape.' 
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SAFETY 

606. Safety. The consideration of safety of employees divides 
itself into three heads: 

(a) The prevention of accidents. 

!b) The prevention of fire. 
c) The prevention of sickness and ill health, or sanitation. 
The prevention of fire has always been considered of considerable 
importance by manufacturers, possibly owing to the fact that their 
interests were quite obviously connected with it. The prevention 
of accidents is now receiving attention in proportion to the merit 
of the cause, largely through popular and le^slative movements. 
The prevention of ill health due to working conditions is also be- 
coming a more studied subject, although it has not reached as yet 
the prominence attained by the other two. 

The extension of safety in industry is sometimes regarded as 
a " welfare '' activity which places it on the basis of a more or less 
"charitable" undertaking. This viewpoint is entirely wrong, it 
being a strictly business proposition, and one paying dividends in 
proportion to the intelligence and effort applied to it. 

606. Analysis of accidents in a machine shop. The table, Fig. 
239, presented by Luther D. Burlingame, of the Brown & Sharpe 
Co., gives the analysis of accidents in that plant for a period of 
5 years, from 1905 to 1910. It may be taken as typical of the av- 
erage division of injuries, although different plants will differ in 
this respect according to the physical arrangements, and nature 
of the work. 



Total 
accidents 



Per cent. 



Caught in machinery 

Caught or struck by belt 

Setscrew or other projection 

Palling on or striking workman 

Workman falling or strained in lifting. 

Machinery starting unexpectedly 

Chain or rope slipping or breaking 

Punch press, rolls, or shears 

Cutters and metal sawst 

Handling work or chips — eyes 

"Wood- working machinery 

Bums, including electricity 

Cuts with sharp instruments 

Jams and hammer blows 

Caught in tool and work (not cutters) . 

Elevator 

Pooling 

Litter or dark places 



78 

23 

29 

326 

75 

8 

10 

20 

126 
47 
79 

30 

71 
176 

4 
13 
IS 



7 

2 

2 

20 

6 
o 
I 
2 
8 
II 

4.2 
7.0 
3.0 
6.3 
IS. 7 
0.5 
1.2 
1.3 



Fig. 239. — Analysis of accidents at Brown ft Sharpe's. 



MECHANICAL SAFEGUARDS 

607. Mechanical guards. Actual prevention of a great many 
accidents is attained by the use of proper guards for the dangerous 
elements. A list of these, which appeared in the American Machin- 
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ist, vol. 36, p. 273, is given by John Calder, manager of the 

Remington Typewriter Co. They are as follows: 

X. All engaging toothed or other gears, rolls, drums and slides of every 
description on the machine. 

2. The spaces between fixed and moving parts at any machine, or between 
the latter and structures near it, leaving insufficient working clearance — in 
no case less than 18 inches — for any person employed thereon Or near it. 

3. Pulle3rs and clutches. 

4. Belts, bands and driving chains. 

5. Flywheels and starting balance wheels. 

6. Shafting and spindles and all couplings or projections thereon or upon 
reciprocating or other moving parts of machines. 

7. Counterweights and balance gears and other suspensions. 

8. The actual element on every machine which comes into contact with 
the work, and cuts, shears or otherwise operates upon the latter, for instance 
the circular saw blade on the sawmill, the punch and die in the press, the 
revolving cutter in the miller. 

Mechanical guards go a long way toward the prevention of acci- 
dents in connection with these dangerous members. The guarding 
of many of these is compulsory by state law, which should not be 
regards! as, however, taking the place of the initiative of the manu- 
facturer or management in this respect. The state inspections are 
not always thorough owing to the lack of sufficient men to make 
them. The management should, in addition to safeguards which 
are called to its attention by state inspectors, make an analysis of 
every machine in each department according to the list of dangerous 
elements given above, and see that they are suitably protected. 
The form of protection used varies considerably. 

608. Gear guards. In purchasing new machines it is always well 
to insist on the proper guarding of gears by the manufacturer. This 
is not asking anything unreasonable since it is done by the majority 





Pig. 340. 



Pig. 241. 
Methods of guarding gears. 



Pig. 342. 



of i>rogressive manufacturers at the present time. Cast-iron en- 
closing guards are preferable. Sometimes the line of mesh only is 
guarded in an efifort toward economy of metal. In this case acci- 
dents are likely to result by clothing or flesh being caught between 
the guard and the gear, and to avoid this the clearance of the guard 
at this point must be a minimum. (See Fig. 240.) 

Cast-iron guards are out of the question when the purchaser has 
to supply them, as in the case of old machines without guards, since 
their use entails considerable expense for patterns. In this case, 
sheet-iron guards will do as well if they are properly made. A sheet- 
iron gear guard is illustrated in Fig. 241. Owing to the flexibility 
of the metal it is advisable to reinforce the edges of large sheet-iron 
guards with angle iron or half round strips. 
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Guards must be readily removable for purpose of mspectioD and 
repair, so that time is not lost in detacluog them. In some cases 
guards are locked against removal as shown in Fig. 241, only those 
authorized to remove them having keys for this purpose. 

609. Belt guards. Belts which are out of reach, suchasoverhead 
belts and machine driving belts running on machine cones above 
the height of the operator's waist line, are not usually guarded. 
The danger in connection with tbe overhead belts lies in throwing 
them off and on, which should 

not be allawed without shut- 
ting down the driving motor. 
Machine driving belts running 
oD cone pulleys are usually 
shifted by hand without much 
chance of danger or injury to 
the operator except from belt 
hooks or wire lacing, which 
should be avoided on this class 
of belts. Belt shifters are on 
the market which eliminate 
the possibility of danger in 
shifting from one step to an- 
other by doing it mechanically. 

Vertical belts should be 
guarded to a height of at least ' 
4 feet above the floor line, 
preferably by means of the 
type of guard phown in Fig. 143. 
supports made of pipe or angle ir 
for belt repairs. 

Horizontal belts should not be run at a height of less than 7 feet 
from the floor line, owing to the difficulty of properly guarding them, 
and to the danger of injury by walking into them. 

Angular belts must be guarded to a height sufficient to protect 
those walking under them, which is more than the 4-foot require- 
ment for vertical bdts in cases where the angle is large. 

610. Punch and shear guards. Accidents wliich result from this 
class of machinery are usually serious in their effect on the future 
capacity of the operator. They may he avoided almost altogether 
by the use of hand-starting pedals instead of the customary foot 
pedal. In this ease, devices are employed so that the operator must 
use both hands to trip the machine. Unfortunately this reduces 
production by increasing the number of hand motions necessary, 
and there is a tendency on the part of pieceworkers to object to this 
arrangement. This should be met by the company with readjust- 
ment of rate and insistence on their use. the increase being charge- 
able to the accident prevention account. 

fill. Quick -stopping devices. On machines such as bending 
tools, the operator is frequently at a considerable distance from the 
starting and stopping means. Serious and deplorable accidents 
result on this class of machinery which are preventable by arranging 
stopping devices so that they may be operated from any point by 
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the weight of the man's body, or the pressure of his foot. Where this 
is impractical, it should be insisted upon that two men work to- 
gether, one of whom should always be at the stopping lever. 

In some machines danger is encountered after the shift is tripped 
on account of the inertia of the moving parts which do not come to 
rest quickly. In some cases, brakes are provided which go into 
action with the stopping trip, bringing the machine quickly to a 
standstill. The use of brakes is not general on machine tools, but 
will possibly be extended in the future, not only because of making 
them safer, but to do away with delays and lost time. 

612. Overhead shafting and bearhxgs. Oiling the overhead 
works is a dangerous business, as it is done ordmarily with the 

machinery in 
motion, or at 
best, one ma- 
chine stopped at 
a time wnile oil- 
ing its counter- 
shaft. Large 
self-oiling bear- 
J ingd for shafting 
reduce the num- 
ber of times that 
they require oil- 
ing, thereby 

_ A u 1* u u working toward 

Fig. 344.--A belt hook. g^j^jy ^ ^^j ^ 

economy. Loose pulley oiling is a dangerous prof>osition which is 
rendered safer by the use of grease or "candle" lubricators which 
do not require much attention. Ladders with spikes or claws on 
the feet and long-spout oil cans work toward safety for the oiler. 
A modification of the long-spout oil can is a device with pump 
attachment which is carried about and operated from the floor, 
requiring no ladder, but having an extension spout long enough to 
reach the overhead bearings where the factory roof is not high. 

Protruding setscrews are prohibited on the overhead works, and 
should be on all moving parts. Something less obvious is the sharp- 
edged collar from which severe cuts are sometimes received. Bdt 
hooks, shown in Fig. 244, prevent belts from winding up on the 
shaft in case they are thrown from the pulley intentionally or 
otherwise. 

613. Driving dogs. The common type of lathe dog is a danger- 
ous proposition and is rapidly being discarded in favor of safer 
types without protruding screws. 

614. Guarding emery vrheels. Emery and grinding wheels are 
dangerous in two respects, first through breakage while running, 
and second from the chips thrown off. Guards which will protect 
against breakage of the wheel and yet allow of sufiicient opening for 
working purposes are hard to devise, especially in connection with 
exhaust hoods for removing the dust and chips. Comparatively 
few wheel accidents are caused by defective wheels since careful 
inspection is made as a rule before shipping, and the recommended 
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speeds are wdl within the safe limits. The table, Fig. 245, covers 
the ground of grinding-wheel accidents very fully. 

616. Goggles are not only of use at grincUng wheels, where they 
should be insisted upon, but are of service in protecting the eye from 
flying chips in the chipping department, and also when turning 
brass or other material where flying chips predominate. 

Where tool grinding is dbne by various ones at a general depart- 
ment wheel, some plants make a practice of keeping a pair of 
goggles in a box at the wheel and insisting that they be used. 

516. Exhaust systems for emery and bafling wheels are neces- 
sary to protect the operators against flying particles, also to keep 
grit from settling upon neighboring machines and resulting in wear 
.by grinding action. 

The Buffalo Forge Co., in their handbook entitled "Fan Engi- 
neering,** makes the following reconunendations respecting grinding 
exhaust systems. 

Grinding Wheels 



Diameter of wheels 


Maximum 

grinding 

surface, 

square inches 


Minimum 

diameter 

of branch 

pipe in inches 


6 in. or less, not over i in. thick 


19 
43 

lOI 

180 
30a 
47a 


3 


7 to 9 in. inclusive, not over i^i in. thick . . . 

10 to 16 in. inclusive, not over a in. thick 

17 to 19 in. inclusive, not over 3 in. thick 

30 to a4 in. inclusive, not over 4 in. thick 

35 to 30 in. inclusive, not over 5 in. thick 


in 

5 
6 



BuflSng Wheels 



Diameter of wheels 


Maximum 

grinding 

surface, 

square inches 


Minimum 
diameter of 
branch pipe 

in inches 


6 in. or less, not over i in. thick 


19 

S7 

xoi 

189 
30a 
47a 


3^ 

hi 

6W 


7 to X a in. inclusive, not over iH in. thick . . . 

13 to 16 in. inclusive, not over a in. thick 

17 to ao in. inclusive, not over 3 in. thick 

21 to 34 in. inclusive, not over 4 in. thick 

35 to 30 in. inclusive, not over 5 in. thick 



Recommendations 

I. Emery wheel and buffing wheel exhaust systems should be kept 
separate owing to danger of sparks from the former setting fire to the lint 
dust from the latter if both are drawn into the same suction main. 

3. In the case of undershot wheels, where the top of the wheel runs toward 
the operator, which is almost always the direction of rot&tion of both emery 
and buffing wheels, the main suction duct should be back of and below the 
wheels and as close to them as is practicable; or it shoiild be fastened to the 
ceiling or the floor below, preferably the former. If behind the wheels, it 
should be not less than 6 inches above the floor at every point to avoid pos- 
sible charring of the floor in case of fire in the main duct and also to 
permit sweeping under it. For similar reasons it should be at least 6 inches 
below anv ceiling it may run under. 

3. Both the main suction and discharge pipes should be made as short 
juid with as few bends as possible, to avoid loss by friction. If one or the 
other must be of considerable length, it is best to place the fan not far 
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beyond where the nearest branch enters the large end of the main, as a long 
discharge main is a less evil than a long suction main. 

4. Avoid any pockets or low places in ducts where dust might accumulate. 

5'. The main suction duct should be enlarged between every branch pipe 
entering it, whenever space permits* and in no case should the main duct 
receive more than two oranches in a section of uniform area. All enlarge^ 
ments in the size of the main should be made on a tai>er and not by an abrupt 
change. 

6. If there is a likelihood of a few additional wheels being installed in the 
future, it is advisable to leave a space for them between the fan and the first 
branch and to put in an extra size fan. Or. a space may be left beyond the 
fan so that the fan may be moved along and tne main extended when it is 
actually decided to install additional^ wheels, provided the f an^ is of sufficient 
size to still comply with these specifications after the additional branches 
are added. 

7. Branch pipes should enter the main on the top or sides^-never at the 
bottom. Two oranches should never enter a mam directly opposite one 
another. 

8. Bach branch pipe should be equipped with a shut-off damper or blast- 
gate as it is also cslled, which may be closed, if desirable, when the wheel is 
not in xise. Not more than 2^ per cent, of such blast-gates should be closed 
at one time; otherwise, the air velocity in the main duct may drop too low 
and let the dust accumulate on the bottom. 

9. It is important that the lower part of the hood shall come far enough 
forward beneath the front of the wheel so that the dust will enter the hood 
and not fall outside of it altogether, even if the accomplishment of this result 
necessitates leaving considerable space between the wheel and the lower 
part of the hood so that the hood shall not interfere with the work. 

10. Branch pipes should lead out of the hood as nearly as possible at the 
point where the dust will naturally be thrown into them by the wheels. 
This is very important. 

11. An objectionable practice sometimes found where smidl work, is 
polished is the use of a screen across the mouth of the branch pipe where it 
enters the hood. Such screens are an obstruction to the passage of material, 
and the ravelings from buffing wheels are held against the screen by the 
suction, with the restdt that in a short time the draft is almost entirely cut 
off. 

12. The use of a trap at the junction of the hood and branch pipe is good 
practice provided it is cleaned out regularly and not allowed to fill up with 
dust. This will catch the heavier particles and so take some wear off the 
fan. It will also serve to catch any nuts, pieces of tripoli, and the like, 
dropped by accident, and in the case of work on small articles, will enable 
them to be recovered when dropped in the hood. 

13. All bends, turns, or elbows, whether in the main or branch pipes, 
should be made with a radius in the throat of twice the diameter of the pipe 
on which they are connected, wherever space permits. 

14. Elbows should be made of metal one or two gages heavier than the 
pipe on which they are connected as the wear on them is much greater. 

15. The withdrawal of air from a room by an exhaust system naturally 
tends to create a slight vacuum and for this reason inlets for air at least 
equal to the sum of the areas of the branch pipes should be left open. 

16. Recommendations for the size of the cyclone separator or dust col- 
lector, as it is often called, are hard to give, as the separator must be pro- 
portioned to suit oi>erating conditions, light dusts requiring a larger separator 
than heavier dusts. A separator should be selected with an inlet area at 
least as large as the area of the discharge pipe from the fan. 

For light buffing dusts, lint, and the lixe. the air outlet from the top c^ 
the separator should be so large that the velocity of discharge will not exceed 
300 to 480 feet i>er minute; then select a separator of which the other dimen> 
sions are proportionate. The air outlet should be provided with a proper 
canopy or elbow to exclude the weather, but should be otherwise un- 
obstructed. 

617. Wood-workmg machine guards. This class of macbiiier>' 
often found in connection with machine shops where pattern and 
carpenter departments form a part of the plant, gives rise to a large 
percentage 01 accidents. It is here that the guards must be kept 
in constant use and watched most closely, for there is a tendency 
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on the part of the workman to ignore the risk and put them to one 
side. Circular saws should be provided with adjustable hoods 
which cover the exposed portion of the blade to within a distance 
from the worktable equal to very little more than the thickness of 
board to be cut. Planers and jointers should be provided with 
guards which cover idl portions of the knife which are not cutting, 
and preferably with kmves of flush construction on round arbors 
instead of the common square arbor and knife that sticks out from 
H to ?i in. Operators should be frequently cautioned to stand 
to one side of the machine and not directly back of the work being 
fed, since a kick back caused by striking a knot has often proved 
fatal. Band saws should have both upper and lower wheel com- 
pletely enclosed, also all of the saw track with exception of a few 
inches above the table, so that in case of breakage tne saw cannot 
whip or fly. 

518. Warning signals. Aside from mechanical guards which 
prevent injury are warning signals which warn against danger. 
The commonly accepted danger signal is the red disk, objected to 
by some on account of the inability of the color blind to distinguish 
it from green, the safety signal. In addition there are o^er signals 
used for this purpose, one of them being the skull and cross-bones in 
red on a white ground, which is used where the class of intelligence 
is low. Red lights take the place of red disks in dark places. 

An importatU precaution is to set a warning on the main valve of 
a boiler when. a workman is inside cleaning it. Better still, an 
enclosing case is provided and locked with a padlock. 

A large percentage of accidents are caused by falling articles. 
To guard against this, warning signals should be set below the source 
of danger, or the area may be roped off. 

619. Proper li|^tuif;. Effective lighting is in line with the safety 
movement especially m dangerous places such as at the top of a 
dark stairway. General recommendations regarding shop lighting 
are given in (175). 

620. Guarded platforms and scaffolds. To insure safety, plat- 
forms and scaffolds should be provided with a back rail consisting 
of two strips, the lower at a height of 8 to 12 inches above the plat- 
form, and the top strip from 28 to 36 inches above the platform. 
Permanent scaffolds should be attached to each overhead travel- 
ing crane for the safety and convenience of the oiler and electrician. 
A landing platform should be provided for the craneman, and 
his ladder should preferably be set 16 to 18 inches away from the 
wall so that he may climb on the inside, between the wall and the 
ladder. 

621. Safety first movement Mechanical devices to prevent 
accidents are not effective unless followed up by constant watching 
to see that they are used, and given general attention by all depart- 
ment heads and executives. Each one in authority must be im- 
pressed with the necessity of reducing the number of accidents in 
his department, and must in turn impress his subordinates with the 
necessity of using care. Prizes are sometimes offered as an induce- 
ment to extra effort toward a reduction in the number of accidents. 

522. Physical examination of new employees is usually imder- 
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taken at the expense of the employer in those states where comp 
sory compensation for injuries is in effect. Sometimes, the w«.^ 
man is required to bear the expense and furnish a certificate 
physical condition from a reputable doctor. The value of a physi 
examination of employees is not only a guarantee to the empluj 
that he will not be called upon to compensate for old injuries 
ceived before hiring the man, but it has the additional advant^ 
of telling him what he is getting in the way of general ph3rsical maj 
up. This is of considerable value and is worth the cost of the exaj 
nation required. 

52S. Safety leaders. Where the safety movement is taker i 
in earnest, some one individual is usually appointed as a guiS 
spirit. In addition, safety men are distributed among various i 
partments, these having received some education along the li] 
of accident prevention, and being naturally of a cool and card 
disposition. Sometimes this is carried as far as to appoint a n 
in each gang as the "safety man.'' This is especially effect! 
among gangs of laborers and those engaged in construction woi 

Oftentimes the work of accident prevention devolves upon I 
already overworked foreman or department head. In that d 
he will do well to perfect a safety organization within his own i: 
partment to relieve him of part of the burden. The following 3 
a set of safety rules for foremen, which will apply to the ss; 
plant where he has time to attend to these matters in detail. 

626. Safety Rules for Foremen 

Learn all safety rules for workmen. You will be held responsible fc; \ 
enforcement of all these rules in your department. 

When you hire a new man, you must explain to him all safety rx:^ 
connection with his work. 

When you put a man on a new class of work, explain to him all s^i 
rules in connection with his new work. 

Watch all new men carefully and see that they take no unnecessary d 

You are responsible for keepmg in place all safe-guards in your departr;<l 

If a new machine is set up m your department, do not allow it to ce starl 
until you make sure that edl ^ears ana other dangerous parts are prot«(il 

If a machine has been repaired, do not allow it to be started until r^^. 
have been replaced. 

If a guard or safety device is out of order, do not use machine until .' j 
been repaired. 

Keep all passages and fire exits in your department clear at all titnf< ' 

See that all waste material and sweepings are taken from your departH 
before leaving at night. I 

See that all fire apparatus in your department is kept clear and al^i 
ready for instant demand. 

626. First aid. No matter how small the shop, it is necessary 
have materials on hand with which to treat minor injuries, it 
also desirable to have a private room where those who are injur 
may go to be treated and those seriously hurt will be secluded ir' 
a crowd of fellow employees. 

Plant first-aid rooms vary in completeness from a corner in 
stock or storeroom containing a cupboard with a few necevd 
remedies and bandages to a hospital suite completely fitted witl: 
sanitary furniture and attended by nurses and surgeons. T 
latter is possible only in the larger plants. The small plant sQ 
depend for medical attention upon a nearby doctor. In or(kr 
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insure his attendance in case of emergency his office hmus should 
be posted for easy reference, as well as his telephone number and 
address. The doctor is sometimes selected by tiie liability insur- 
ance company and sometimes is the physician employed by the 
mutual aid association of the shop, in Uie latter case he will be 
found more apt to suit the majority of employees who regard the 
liability insurance companies as their natural enemies. 

627. A good amngement for a medium-sized plant where injuries 
have to be re-dressed daily is to have the doctor call daily at the 
plant for this purpose at a certain specified time. Where this is 
not done, the employee is allowed to go to the doctor's office on 
company's time, more of which is spent in this way Uian when the 
doctor calls. This applies to those who have been injured but not 
sufficiently to keep from working and the average number of such 
injuries ^1 determine the policy in respect to a doctor. 

628. Subsidiary firstHda stations. In. Large plants covering 
considerable area first-aid cabinets are distributed at several points. 
These contain stretchers, blankets, remedies for bums and scalds, 
and other immediate restoratives. Time is tiius saved in taking the 
man to the first-aid room in serious cases, and minor cases are 
treated locally. Hot water is an almost necessary convenience at 
these points. 

FIRE PREVENTION 

629. Lnportance of fire prevention. The importance of fire pre- 
vention is often not realized imtil after the loss nas occurred. It is 
not only for the safety of the occupants of the plant that attention 
should be given this subject, but because of the great loss which 
attends a fiire that destroys records and patterns and interrupts pro- 
duction, which cannot be covered by insurance, no matter how fully 
the plant is covered. 

680. Fire prevention is aided and effected by the following: 

(a) Automatic sprinklers. 

lb) Fire pumps of sufficient capacity. 

Ic) Organization of fire brigade. 

[d) Frequent drills. 

fe) Frequent inspection. 
f) Proper fire-fighting appliances. 

Plants located in large cities may omit the organization of a fire* 
brigade which is designed to render tiie service during a fire that 
will be given by the dty department. 

631. Automatic sprinklers. An automatic sprinkler system is 
the best insurance against fire. A large majority of fires starting 
are extinguished by them without the necessity of other effort. 
Sprinkler systems in general are of two kinds, known as the *' wet" 
and the " dry." In the former the sprinkler pi^ are always filled 
with water under pressure ready for immecuate use when the 
sprinkler head operates through rise of temperature. With the 
ary system, the pipies are filled with compressed air which must 
escape before the sprinklers deliver the water. The dry system 
is slower in getting into action, but is preferable in plants where 
there is danger of freezing of the pipes in winter. 
23 
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The method of supplying sprinkler systems with water under 
pressure varies accorcfing to the height of the building and the 
dty water pressure available. Frequently tank or standpipe service 
is providea in which case the bottom level of the tank &ould be 
at least 20 ft. above the roof of the highest building served. 

632. Colors to distrngniBh nature. of piping in plant To make 
it more convenient to trace pipe lines through the plant, they should 
be painted different colors according to a color .schedule. The 
following is an example: 

Red: Fire lines and sprinkler system. 
Black: Service water supply. 
Yellow: Compressed air lines. 
Blue: Gas lines. 

Valves should have tags attached stating the function and 
departments served. 

683. Organization ojf factofy fire brigade. For the average 
shop plant there should be three separate companies; hose, chemical 
engine and ladder. Where buildings are provided with a com- 
plete equipment of stationary ladders the latter may be dispensed 
with. 

In addition a special detail shoidd be designated to handle 
diemical extinguishers, fire pails and any other equipment. 

A salvage corps, consisting of from 6 to 12 men should be main- 
tained, whose special duties should consist of protecting stock and 
machinery from water damage. 

For captains of companies, men with mechanical knowledge 
are to be preferred, eitner shop foremen or regidarly employed 
mechanics. 

Hydrant men. Two men shoidd be selected for each hose stream. 
One man to remain at tiie hydrant to turn the water on and off, 
the other to assist in unreeling hose, making couplings and taking 
out the hose. 

Pipe director and pipe men. Three men are required for each 
hose line, one to be designated as the ''pipe director" in charge of 
the pipe, the two additional men will be necessary in placing and 
moving the pipe and in drawing the line up ladders and over roofs. 

Chemical engine company. To consist of five men, including 
a captain. Two tankmen should have charge of operating the 
• engine tank; to open and close the main-tank valve in addition to 
agitating and mixing the chemical charge, and of recharging. 

Nozzlemen. Two men should be selected to carry and direct 
the nozzle, and to assist in laying the hose line. For engines hav- 
ing two taidcs, an additional tarJcman and nozzle-man shoidd be 
provided. 

Standpipe company. For factories, equipped with an interior 
standpipe sjrstem, a separate company should be organized to 
operate it and handle the hose lines connected therewith. Where 
standpipe sjrstems are supplied from gravity tanks or by means of 
connections with public mains, the organization should provide for 
a "main valveman," who shall be charged with the duty of seeing 
that the shutoff valve between the source of supply and the stand- 
*pe system b open and in good working order. 
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Attached to each fire-brisade organization there should be an 
experienced plumber, preferably one familiar with the distribution 
system and with the location and operation of ail valves. Where 
electric current is used, provision should also be made for the attend- 
ance at all fires of a practical electrician, having first-hand knowl- 
^Ige of all conductors, their voltage and of the location and opera- 
tion of all protective devices. 

At plants where the fire service is supplied by pumps, it is ad- 
visable to have the engineer in charge and his assistants enrolled 
in the fire brigade that they may be in dose touch with the pur- 
poses of the brigade. During fires and drills, the engineers and 
assistant should remain on duty at the pumps. 

Fire drills. (Ex Chief Croker in American Machinist, vol. 39, 
p. 793.) All drills should be subject to the direction of a supervisory 
organization as follows: Chief of fire drill, floor chiefs, room cap- 
tains, stairway guards and inspectors. 

Duties of floor chiefs. The floor chief should have charge of all 
operators employed on his floor in all matters pertaiidng to drills. 
He should see that each movement corresponding to the alarm signal 
is promptly and orderly executed, and personally supervise the 
sounding- of the general building alarm on his floor. He should be 
responsible for the condition of aisles and passageways and should 
see that chairs, benches and stock are promptly removed to insure 
unobstructed passage. 

When it may be necessary to depart from the regular instruc- 
tions as regards selection and use of exits, such change should be 
at the sole direction of the floor chief. 

Duties of room captains. They should perform the same general 
duties in their respective rooms as are prescribed for the floor chief, 
excepting that they should have no authority to change the as- 
signment of exits, nor sound the general building alarm, unless under 
direction of the floor chief. Wherie rooms are equipped with drill 
gongs the room captains should personally sound the sdarm thereon. 

Duties of guards. Guards should be subject to the orders of the 
floor chief or room captains and shoidd see that the march from the 
rooms and descending the stairway is orderly. They should be 
stationed as follows: One guard on the stair side of the door lead- 
ing from the room and one guard midway on the staircase leading 
to the floor below. Where stair exits have sharp bends, or are 
poorly lighted, additional guards should be i>rovided as required. 

Inspectors* An inspector should be appointed to exanune, each 
morning, the condition of all stairways, fire escapes, and roof 
exits, and to report to the chief of fire drill any obstruction found 
thereon or other unusual conditions. He should see that all doors 
leading to stairways open outwardly and immediately report any 
found locked or obstructed. 

During the winter attention should be given to fire escapes ex- 
posed to accumulations of ice or snow. 

In addition provision should be made for inspection each morning 
of the alarm S3^tem and of all signaling devices. 

Someone should be appointed to make weekly inspections of the 
plant for the piupose of observing whether the general cleanliness 
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is in accordance with the instructions, and to see that all fire ap- 
pliances are in good order. 

An inspection book may be provided, in which the items needing 
attention shall be noted. 

Fire pails should be checked as to location, whether they may or 
may not be filled with water. 

Fire extinguishers should have a tag, on which should be noted 
the date when last charged and the covers should occasionally be 
removed to ascertain whether they need attention. If the bottle, 
which was originally half filled with add has absorbed moisture, 
so that it is found Uiree-quarters full, it is time to recharge. 

Fire doors should be eacamined, to see that hinges and latches are 
in good condition, and the fusible links on self-closing doors should 
be examined, for it frequently happens that these links break and 
a piece of wire may be used for their repair, preventing the self- 
closing in case of fire, and materials are many times foimd plac^ 
so that the door cannot be closed. 

General cleanliness of the shop should be noted and particular 
attention given to the accumulation of rubbish or oily waste. 

Windows, or avenues leading thereto, should not be obstructed 
by stock, making it impossible for employees to escape, or the fire 
department to gain entrance. Fire-alarm and watchman's boxes 
should alwajrs 1^ accessible. Oily waste shoidd never be allowed 
to accumulate, and proper receptacles should be provided for 
holding it until gathered up and burned. 

Too much care cannot be exercised in checking up electric wiring, 
particularly lamp cords, which are often found hung over a revolv- 
mg shaft. Each plant has its own particular hazardous points, 
which should be listed and checked in addition to these general 
suggestions. A memorandum of defects should be promptly 
given to the proper authority, who should see that they are corrected 
without delay. 

684. Windows should be partly opened from the top to ventilate 
the floor, and thereby aid in treating and extinguishing a fire should 
one originate in some corner of a ceiling or basement 

The names and duties of all persons selected to man the various 
auxiliary fire appliances and their relative substitutes (which must 
be permanent) are legibly written or printed on cards, and these 
cards are conspicuouslpr placed throughout each floor with words of 
warning written or pnnted upon them in display form, as follows: 

"NOTICEIII THIS CARD MUST NOT BE MUTILATED, 
MARKED, DESTROYED, REMOVED, OR REPLACED 
ELSEWHERE, UNDER PENALTY OF FINE OR IMPRISON- 
MENT! 

In the event of fire immediately send in an alarm by operating 
the nearest fire-alarm box. Telephone without delay to fire head- 
quarters and send in an alarm from an auxiliary box or t|ie nearest 
city fire-alarm box. 

When the alarm apparatus sounds in the room operatives must: 

Stop work. 

Shut off power. 
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Stop machines. 

Shut off gas and other open flames. 

Close doors and windows opening upon or under fire escapes. 

Put chairs, tools and other obstructions on top or under benches 
to clear the passageway. 

Form line promptly with front of column facing the usual egress 
aisle and wait for word of command from floor captain. 

At the command to march, march in an orderly manner from the 
building, two abreast as instructed, not crowding upon the couple 
in front, and foUowing the aisle leaders. 

Preserve the interval in line between yourself and the couple in 
front of you. 

Retain formation until dismissed, or until the line is returned 
to building. 

Women alwajrs have the right of way. 

Don't run. 

Don't lag behind, breaking up columns. 

Don't scream or make unnecessary noise. 

Don't laugh or talk. 

Don't cause confusion. 

Don't remain in toilet or dressing rooms. 

Don't return for your clothing. 

Don't try to use elevators. 

Don't attempt to leave the building except in accordance with 
fire-drill regulations. 

Don't faU to assist in carrjring out instructions. 

686. In all buildings used for manufacturfaig or for business of any 
kind, auxiliary fire appliances should be installed, such as 40-ga]lon 
chemical fire engines on wheels,which can be rapidly taken from one 
floor to another and used with great effect on a nre even of consider- 
able magnitude; and 3-gaUon fire extinguishers which are operated 
by turning the machine upside down and which are more effective 
than the ordinary 10- or 12-quart water pail. Few, if any, laymen 
can use a water pail with proper effectiveness, while anyone can 
operate a 3-gaUon extinguisher, which will throw a stream in any 
direction from 30 to 40 feet. 

Regidation 6-feet fire hooks, for use in tearing down curtains, 
draperies or stock which may be on fire, and 5-pound flat-head fire 
axes for cutting into the floor where fire may have occurred owing 
to defective insulation or from other causes, will prove useful. 

Every building four stories or more in height should be equipped 
with a standpipe ranging from 2^ to 6 inches in diameter, with a 
hose outlet on each floor. To each of these outlets should be at- 
tached from 50 to 100 feet of either unlined linen or single- jacket 
cotton rubber hose that will stand a pressure of from 350 to 400 
pounds to the square inch for a period of at least 3 years. Where 
volatile or inflammable oils or electricity are used in any form, there 
shoidd be provided an extinguisher filled with carbon tetrachlorate, 
and under 70 pounds air pressure. 

Galvanized cans for alcohol, benzine, turpentine, etc., and self- 
closing cans for the reception of oily waste and rubbish, should be 
on every floor of every factory building. 
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Where fire-doors are a part of the construction an automatic door- 
release should be a part of that door, so that in case of a fire 
originating even from a newspaper, the sudden rise of heat will 
instantly operate this unit ana dose the door, no matter whether 
200 or 5000 pound in weight, within i minute of the origin of the 
6re. 

An approved sprinkler system or automatic fire-alarm operated 
by a sudden rise of temperature, rather than a fixed temperature 
device, should also be installed in factory buildings for quickly de- 
tecting and holding a fire in check until the arrival of the nre brigade 
of the local fire dqiartment. 

The abolition of porti^le kerosene and oil lamps in every form 
b strictly recommended, as there are now in the market various 
electric lamps weighing but little and lighting with either a wet or 
dry system. These can be purchased vezy cheaply, and the cost 
of maintenance is small. These lamps are able to penetrate fog or 
smoke, and obviate the danger of oil lanterns. 

Where there are 25 or more employees above the first floor of any 
factory building an approved interior manual fire-alarm system 
should always be installed for warning the employees in case of 
fire, panic or accident and for use in fire drills. 

636. Compensatioa for injuries. In many states compensation 
is compulsory and of a definite amount. This compels the manu- 
facturer to insure his employees which is done either in state in- 
surance, mutual or other companies. Sometimes the employer 
carries his own risk in the matter, insurance not being compulaory. 
The amount of compen^tion varies in the several states and may 
be found by reference to state laws on the subject 

Where compensation is not compulsory, the right-minded manu- 
facturer has often anticipated the law by voluntary compensa- 
tion arrangements in which he either pays the whole cost of in- 
surance or divides it with the employees. Sometimes the em- 
ployees assure themselves of compensation by the formation of 
mutual aid societies which are also extended to cover sickness and 
death. This is done either with or without the cooperation of the 
company, although in most cases with it, a substantial donation 
being made annually. 

637. Some finns protect themselves by liability insurance, in 
those states which are without definite compensation laws. Here 
an outside company agrees for a certain annual sum per employee 
depending on the hazard of the occupation to relieve die firm of all 
Uaoillty in the matter of accidents and fight it out with the man 
injured. Since these companies are in business for profit which 
depends on the smallness of the compensation given to the injured 
it will be seen that while they protect the manufacturer they do just 
the opposite to the workman. 

638. Blanket iztsurance. In some cases employees are insured 
collectively under a blanket policy. The following description of 
this form of insurance is taken from an editorial in the American 
Machinist, vol. ^^^ p. 497. 

Under this group life insurance plan^ all of the persons forming 
'he group are insured collectively under a blanket policy. Only 
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the employees of business organizations of high ^ade are con- 
sidered desirable risks. The conditions under which they work 
must safeguard health and body, and the environment, and living 
conditions must tend toward permanency of employment. If the 
group numbers loo or more Uves, no medical examination is re- 
quired if its waiver is permitted by the state insurance laws. For 
a smaller number, however, such an examination must be made, 
although it need not be as risorous as for an individual life. 

When a blanket policy under this plan is taken out by a firm for 
its employees, the amount of insurance for each is based on the 
yearly earnings, usually with a maximum limit. A single gear's 
salary or wages is commonly taken as this amount although in one 
case this has^ been made equal to two years' earning. The form 
of insurance is the yearly, renewable-term plan providing for pure 
insurance protection, and has no connection with sick benefits or 
accident compensation. 

The advantage of this plan is the extending of the benefits of life 
insurance more generally, economically and eflFectivdy than is 
possible through individual insurance. Means are furnished where- 
by an employer can provide insurance protection to every employee 
to safeguard him during active service. In the organization whose 
size and permanency are insufficient to make it dependable for 
pension purposes over a considerable period, this group insurance 
plan is a practical provision underwntten by a responsible com- 
pany. The blanket policy written for the Jones & Lamson Co. 
covers everyone in the company's employ, including the officers. 
The amount in each case b fixed at one year's salary with a maxi- 
mum of $2000. Medical. examination of the persons forming the 
original group was waived, but every new employee must suomit 
to an examination before coining under the provisions of the 
policy. When an employee leaves the service of the company his 
insurance privileges cease. The premium is paid monthly and is 
based upon the number of employees and the amount of insurance 
of each. 

Thus far this form of insurance has been taken up extensively 
by banks and trust companies. In general^ the yearly premium 
can be approximated at about iH per cent, of the yearly pay-roll. 

639. An industrial pension plan. After a thorough considera- 
tion of various pension plans, the R. Wallace & Sons Manufactur- 
ing Co., of Wallingford, Conn., recently inaugurated a system of 
pensions that has much to commend it both from a humanitarian 
and industrial point of view. It is proposed to leave the ad- 
ministration of the plan to a committee of three, either officials 
or employees, or both, to be appointed by the president. 

Under the proposed operation of the svstem aU men who have 
been 20 years or longer in the service and have reached the age of 
70, and all women who have seen similar service and have attained 
the age of 60 may be retired and pensioned. 

A minimum of 20 years of service in a man attaining the age 
of 65, or a woman of 55 entitles such employee to be retired and 
pensioned either at his or her own request or at the request of the 
employing officer. Any employee acddentaUy incapacitated who 
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has seen 20 years of service may be pensioned at the discretion of 
the company. 

Pensions will be computed monthly on the following basis: For 
each year of service i per cent, of the average monthly pay received 
during the last 10 years of service. 

Reports of employing officers wishing to retire employees com- 
ing under any of the provisions of the plan set forth are required to 
make a full report of the length of service, and the like, to the officers 
of the company, whose powers in the matter of the action to be 
taken are discretionary. The same system of reports obtains with 
employees re<}uesting retirement and pension. 

Pensions will be paid only to those employees who have devoted 
their entire time to the service of the company Leaves of absence 
and temporary layoffs are not to be construed as breaks in the 
continuity of service. Neither is a dismissal nor voluntary ab- 
sence to operate in reckoning such continuity, but the time thus 
lost is to be deducted in reckoning the length of service. 

Pensions are to be paid weekly unless revoked and shall termi- 
nate with the last payment for the month in which the death of 
the employee occurs. No assignment of pensions will be permitted 
or recognized under any circumstances. Neither are pensions sub- 
lect to attachment or other legal process for the debts of the 
beneficiary. 

This pension plan is a purely voluntary provision for the benefit 
of superannuated or totally incapacitated employees; it constitutes 
no contract and confers no legal rights upon any employee. Under 
its terms employees receiving the benefits are permitted to em- 
bark in other lines of business but are prohibited from engaging in 
work similar to that of their former employment while in the 
service of the company. 

The company reserves the right, whenever the basis named for 
pensions creates total demands in excess of the appropriations ap- 
plicable to the purpose, to establish a new basis by reducing the 
pensions theretofore or thereafter granted, so as to bring the total 
expenditures within the amount so set aside. It further reserves 
the right to change the rules at its discretion. 

SANITATION 

640. SanitatioiL Proper sanitation of factories is as important 
as the safeguarding of machines within them. The dangers which 
lurk in improper sanitary conditions are as great as those in the 
unguarded machine and often more so because they are not ap- 
parent. Factory sanitation may be divided into the foQowing 

topics: 

Ventilation. Heating. 

Lighting. 

Drinking water. 

Sewage. 

Dust and gas exhaust. 

Wash rooms and toilets. 

641. Ventilation. The requirements for good ventilation are 
from 1 200 to 2000 cubic feet of fresh air per individual per hour, 
the average used in calculating for machine shops being 1500 feet. 
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In cases where the ventilation •must also take care of heat pro- 
duced from furnaces and ovens, and the like, this amount may 
have to be increased. 

642. Shop ventilatioa may consist of natural cross-current ven- 
tilation secured by open windows, or it may be produced by means 
of a fan system. In the latter case, the same apparatus is also 
used for heating in cold weather. A great many plants which 
use the fan system of heating in winter do not take advantage of 
the means of ventilation offered thereby in summer on account 
of the cost of running the apparatus. 

Fan ventilation is usually by means of blowers which force the 
air through the building, ddivering and distributing it at a number 
of points by means of galvanized iron ducts. The proper place 
for delivery of air for most efficient ventilation and heating is near 
the floor. 

643. Exhaust systems of ventilation are used in cases where 
obnoxious odors and gases are to be removed. Galvanized iron 
ducts and hoods are used to convey the gases from point of origin 
to the point of disposal. It is figured to obtain a velocity of from 
75 to 250 feet per minute over the surface of such goods according 
to their location, the closer to the point of origin of the fumes, 
the less being the velocity required. 

Sometimes both the blowing and exhaust S3rstem are used in 
conjunction, as in the case of boiler rooms where cooling is neces- 
sary to make the atmosphere endurable. An air change equivalent 
to a 3-minute supply and a 4-minute exhaust are recommended 
for boiler rooms, although these figures vary according to other 
conditions and are averages only. 

644. Heathig. Machine-shop heating is generally accomplished 
either by steam radiators or the fan system. The former is usually 
confined to the smaller plants on account of the cost of piping and 
radiators, although a niunber of large plants are heated satis- 
factorily in this way. In general however the fan system is applied 
to lar^e plants and consists of a set of heater coils containing steam, 
the air being either blown through or drawn through the openings 
between coils, by a fan, and delivered through ducts to various parts 
of the buildings. The exhaust-through type of apparatus is the 
more compact and is therefore usually adopted for factory heating. 
Whqre variation in the temperature of air delivered to different de- 
partments is desired, the blow-through type must be used. A by- 
pass for cold air which does not pass through the heater may be used 
to temper the air delivered from the heater to any duct, thus secur- 
ing the variable temperature desired. 

646. Air washing. A number of types of apparatus are on the 
market for the purpose of cleaning the air which is used for heat- 
ing and ventilating purposes by means of passing it through sprays 
of water. The excess of moisture is removed by passing the air 
through baffles after this process, which reduce the degree of mois- 
ture or humidity to between 35 and 50 per cent. Automatic 
means of controUing both the humidity and the temperature are 
supplied so that these factors may be maintained fairly constant. 
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Air within buildiiigs may also be cooled in this manner from lo to 
15 deg. below that of the outside air. 

646. Proper lighting. Proper lighting not only helps toward 
accuracy of work, increases production, aids toward prevention 
of accidents, but is also all important in conserving the eyesight 
of the employees. The attainment of proper lighting is not re- 
stricted to the original selection of the system employed but also 
d^nds on its proper maintenance. 

547, Drinking water. It is becoming a general custom to 
furnish employees with cooled water during the hot months. For 
this purpose many types of coolers are on the market. It is not 
difficult to construct one or more of these since the principle of all 
of them is a coil surrounding or surrounded by ice and in contact 
with it The length of the coil and the demands made upon the 
system determine the degree of cooling of the water. Stone and 
sand filters are sometimes used in connection with the water supply. 

Bubblers or spouting fountains form the most sanitary method 
of conveying the water to the workman. In laying out a drinking 
water system, the location of the bubblers should be carefully 
planned to reduce to a minimum the average distance travelled by 
the workmen, who particularly in hot weather, make quite a 
number of trips for drinking water in the course of a day. 

648. Sewage. Proper sewage is essential for the maintenance 
of sanitary conditions. Special attention must be given that there 
is no opportunity for sewage to contaminate the water supply 
for driimn^ purposes, particularly where spring or well water is 
used for this purpose. A precaution that is important is to care- 
fully map sewer fines when laid as otherwise the location becomes 
lost after a number of years and great inconvenience is caused when 
it is necessary to di^ to locate leaks or breaks. 

649. Toilets. Toilets shoidd be totally enclosed and provided 
with an exhaust system of ventilation or ventilating stacks running 
up to the roof of the building. This arrangement depends largely 
on the general sewer system. Urinals are sometimes detached from 
the closets and are (fisposed through the plant at more frequent 
intervals to reduce unnecessary steps and as a means of eliminating 
loafing. 

Toilets often take up valuable manufacturing space. In one 
plant this is avoided by placing them upon platforms, the space 
underneath being used tor storage of parts. 

Sanded finish for toilet walls is desirable due to the difficulty of 
marking or writing upon it with lead pencils. 

660. Compensation for sickness. In machine shops and other 
related industries, the only compensation for sickness to em- 
ployees who are paid by the hour or the day consists in what they 
receive from mutual aid or benefit associations. ^ The foUowing 
is a description of a typical mutual benefit association as described 
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by H. C. Wight in the American Machinist, vol. 37, p. 954. 

The Mutual Benefit Association of the employees of the Piatt Iron 
Works Co., Dayton, Ohio, at present has over 400 members, or two-thirds 
of the men on the ^op pay-roll. During the first year, the receipts were 
I960.69, and the espendi tares $610.69, which left a balance for future 



SHOP HAZARD CONTROL 363 

liabilities. The good done is best described by stating that the average 
benefit was $22.10, or 41 per cent, of the pay lost by the men on account of 
their disability. This amount may seem trivial at first glance, but in most 
cases it was the only income and went for food and house rent. 

The dues paid by the men work no hardship. The initiation fee of 1 1 
includes the first month's dues. Afterward the cost is but 2S cents a month. 
The benefits come when they are appreciated and are as follows: Fifty 
dollars in case of death. This sum is paid within 24 hours; and I5 a week in 
case €i sickness or accident. This is paid every 2 weeks after being 
approved by the executive committee, and continues as long as the employee 
is unable to return to work, up to 13 weeks. After 13 weeks the employee 
is reduced to "half benefit," which continues till recovery or death. 

All claims are investigated, first by the visiting sick committee and then 
by the executive committee, thus lessening the liability of fraud. It is an 
association of the employees, managed by emx>loyees. The men cannot 
fail to see what it does lor those who need assistance and so the factory 
where such protection is afforded becomes a better place to work. The 
management is benefited, as the men are less likely to move to some other 
factory on slight provocation. 

Dangerous appliances about the plant are watched by all the members of 
the association, as these mean additional risk. A fair percentage of factories 
now have some sort of a relief association. Before organizing, a large number 
ci these were investigated. The results obtained made the question not: 
"Should every factory have such an organisation?" but "Can any factory 
afford to be without one?" 

A number of the details that have been worked out are worthy of mention. 
Printed application blanks and sick notice cards are fumi^ed to each 
member. The constitution and by-laws are on the back of the application 
blank. The following questions must be answered: (o)Married? (b) Ag[e? 
(c) Ever had insurance application rejected? (4) What medical advice 
has been necessary in the past 2 years? (e) Nature and time of confinement 
during the past s.^years? 

A constitution is given to each member on payment of the initiation fee. 
In case ojf loss a duplicate may be obtained on payment of 10 cents. Each 
member is also provided with a postal card to be used in case of sickness or 
accident. This is addressed to the secretary of the association and gives 
the name and address of the sick member on the back of the card. It should 
be mailed within 3 dasrs. Upon receipt of the notice the secretary 
appoints a sick committee of three living near the indisposed member, 
whose duty it is to visit him at least once a week and report nis condition to 
the secretary in writing after each visit. 

The constitution provides for management by an executive committee 
consisting of the four officers who are elected at the annual meeting of the 
association and three members appointed by the president and vice-presi- 
dent. This board serves for z year. The members meet twice a month or 
of tener if necessary, pass on all benefits, and transact all necessary business. 
They are limited to a cash balance of I200. Everything above this sum 
must be turned over to the trustees of the associtaion who look after its 
investments. A trustee is elected ev«y year and serves for 3 years. 

To further protect the association, it was necessary to have the pay lost 
when absent exceed the benefit received, a^ otherwise some of the boys 
earning less than $s per week could take vacations and plead illness. We 
have a second class of membership, which costs 15 cents per month and pays 
I2.50 benefit. This class is open to all whose weekly pay is less than |6 
per week. 

The^ method of collecting the money is simple and satisfactory. The 
initiation fee of Si must be paid in cash by the candidate. This settles any 
question about the membership being voluntary. The monthly dues are 
taken from the pay checks from lists furnished by the secretary. This 
collects all of the money, collects it on time, and with the least possible 
trouble. 

One excellent feature of some of the larger associations is in having the 
association doctor attend all cases. One of our present main troubles is 
with the doctors. In doubtful cases, where the person claiming benefits 
apparently takes a vacation at the end of a brief illness or is merely indisposed; 
we require a doctor's certificate. This does some good, though where there 
is a tendency to take advantage of the association, the doctor often upholds 
the patient, for if the patient fails to get the benefit the doctor has less 
chance of collecting his fee. 
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Any large association of 500 members or more looks attractive to anv 
good young doctor. The sidary is from 75 cents to |i per year for each 
member on the books. This makes a fair salary for part of his time and also 
gives him the practice essential to later success. 

He miUces ul house visits to sick members free, and gives office advice 
at half his regular prices. This small charge prevents members from g^ing 
to the doctor when Uxey are not really in need of attention. The successful 
doctor not only has the free trade of all members, but gets the family prac- 
tice as well. 

In spite of the .cost, the association saves money by having a paid do<^r. 
Naturally the doctor works to get his patients well as soon as possible, 
especially if he gets nothing for the visits. This reduces the amount of 
benefits that have to be paid. Further, the association providing free 
medical attention is a more attractive proposition. This means a larger 
membership and guaraptees the maximum of good. 

Other work may be annexed by the relief association. Otirs has charge of 
the factory picnic in the summer and of the mid- winter entertainment. In 
organising such an association, it is often best to suggest it to some good man 
who will start the movement with the cooperation of the company officials. 
The association means doing good where it is needed. It means help for the 
company by building up a spirit that will increase the efficiency of the 
organization. 

661. Sterilizing cutting oiL Cutting oil which is used over and 
over again becomes a cultiure for ail kinds of germs, and often results 
in blood-poisoning in the case of cuts. C. A. Tupper describes 
methods of sterilizing the oil in the American Machinist, vol. 40, 

p. 487. 

"During the past 18 years or more I have been connected with 
a number of concerns operating large machine shops, and for a 
brief period, while dissatisfied with the opportunities apparently 
offered by the metal-working industries, was led to take a position 
as inspector and claim-adjuster for an employers' liability com- 
pany. Hence, the subject of accidents and mjuries to shop opera- 
tives has always been of interest, and this still finds an outlet in 
observation of the improved methods that have gradually been 
developed for safeguarding the lives and health of employees. 

Among these methods one of the most important has just begun 
to come into use. It originated in the reclamation of cutting oil as 
an economical proposition, but its scope has been widened oy the 
sterilization of the oil before it is used over again. 

In handling accident cases it was formerly, and probably still is, 
the common experience that trivial injuries frequently resulted in 
the heaviest losses to employers or to the insurance companies, 
by death, amputation or protracted illness, owing to the fact that 
blood-poisoning set in. The reasons for this we ascribed to various 
causes — almost any, in fact, but the true one; yet looking back over 
the cases that came under my observation, I can recall that most 
of them devdoped when men operating machine tools sustained 
cuts, or abrasions, on their arms or fingers, and after wrapping a 
rag around them, kept on working. In the light of recent develop- 
ments it now seems practically certain that this blood-poisoning was 
caused by germs in the cutting oil, with which the hands and arms 
of the men came in contact. A great deal of this oil was in filthy 
condition, from the scrapings, floating dust, dirt and careless spit- 
ting of the men, Uterally forming a " culture'* for all kinds of germs. 
How much of the current illness was due to this cause, and how far 

Titagious diseases were transmitted, can only be a matter of 
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speculation; but these were not ordinarily made a basis for damage 
claims. Cases of blood-poisoning, on the contrary, came within 
the employers' liability, as growing out of injuries sustained in 
service; and some defect in the apparatus operated or absence of 
suitable protection could always be alleged as a basis for suit where 
settlement was not afiected. 

Had we known then of the cause to which such cases could be 
most directly traced, it would have meant a saving of many 
thousands of dollars and of the lives or health of numerous 
employees. 

The same conditions, however, obtain to-day and a remedy for 
them ought, wherever possible, to be provided. The simplest and 
most obvious is the frequent renewal of the oil and its sterilization. 

A number of devices for extracting oi] from the chips and shavings 
are available, some being of the centrifugal type and others steam 
operated. Where steam is used it is also usual to install a water 
evaporator, so that the animal oil which emulsifies with the water 
will be restored, as such a mixture, if allowed to mix with the supply 
to the cutting tools, is injurious to them. Its presence is indicated 
by foaming. 

For cleansing and sterilizing the oil, as drained off or extracted, 
an efficient system has lately been installed by the Timkin Roller 
Bearing Co., Canton, Ohio, and other concerns of the Central 
West. This consists of a series of tanks, the first of which are long 
and narrow and stand on end. Steam coils placed inside them 
raise the oil to a temperature where its complete sterilization is 
effected. The oil then flows to other upright tanks, with cone 
bottoms, in which the impurities are precipitated by settling, and 
it next passes to storage tanks. From these the daily supply is 
drawn off by measuring pumps, for re-use as needed. 

With most plant managers, in arranging for oil-reclamation 83rs- 
tems, the idea of economy is paramount. This is manifested not 
only by conservation of the supply but also in the longer life given' 
tools by clean cutting oil. To my mind, however, the feature of 
sterilization as a safeguard to the health of employees has equal 
or greater importance, and it should always be provided for. For 
small shops, where the expense of special apparatus does not seem 
to be warranted, the slow draining off of the oil into an ordinary 
filter, with subsequent sterilization in a steam-heated container 
of any sort, will be sufficient; but for a plant of any size some such 
system as that above described is a real economy.'' 
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